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ABSTRACT
The Newark Valley sequence is the upper of two Mississippian 
tectonostratigraphic units recognized within the Diamond Mountains of east- 
central Nevada. These rocks comprise part of the (Upper Mississippian) 
Diamond Peak Formation and (Pennsylvanian) Ely Limestone. Seven 
depositional facies are recognized from the lower siliciclastic portion of the 
Newark Valley sequence. These include the braided fluvial, meandering 
fluvial, delta plain, delta front, prodelta, shallow-marine carbonate and 
shallow-marine siliciclastic facies. Facies trends within a north-south cross- 
section of the lower Newark Valley sequence exhibit a thinning of alluvial 
deposits toward the south complemented by a decrease in thickness of 
shallow marine carbonate deposits toward the north. Paleocurrent trends 
indicate a dominant southeast flow direction accompanied by a subordinate 
northeast direction. Provenance studies reveal a marked shift in plagioclase 
content between the Newark Valley sequence and the underlying Diamond 
Range sequence. The evolution of this sequence is marked by six 
depositional stages including two siliclastic progradations and three 
carbonate transgressions. These stages indicate that Late Mississippian 
tectonism played a significant role in the formation of the basin in which the 
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During early to middle Paleozoic time, a passive margin existed along 
the western margin of North America. Rocks of this margin consisted of: 1) 
an eastern assemblage of shallow-marine carbonates, quartzites and shales,
2) a western assemblage of deep marine cherts, argillites, sandstones, 
quartizes and greenstones, and 3) a transitional assemblage which contains 
elements of both the eastern and western assemblages (Roberts and others, 
1958; Roberts, 1964). This passive margin setting was disrupted by a Late 
Devonian - Early Mississippian collisional event known as the Antler 
orogeny (Roberts, 1951,1964; Roberts and others, 1958; Nilsen and Stewart, 
1980; Johnson and Pendergast, 1981; Speed and Sleep, 1982). The Antler 
orogeny resulted in the obduction of western assemblage rocks, otherwise 
known as the Roberts Mountain allochthon, over the eastern and transitional 
assemblages along the Roberts Mountain thrust (Figure 1) (Roberts, 
1958,1964; Nilsen and Stewart, 1980; Johnson and Pendergast, 1981; Speed 
and Sleep, 1982). Crustal loading of the Roberts Mountain allochthon 
created an inland asymmetric trough from Canada to Southern California 
known as the Antler foreland basin (Figures 1 and 2) (Roberts, 1964, and 
Poole, 1974). This foreland basin was largely filled during the Mississippian 
by siliciclastic sediment shed off the Antler highlands (Roberts, 1964; Poole, 
1974).
Recent studies have shown that the Antler foreland basin underwent 
significant tectonic disruption during its evolution (Trexler and Cashman, 
1991). It has been proposed that a successor basin to the Antler foreland 
basin was formed as a consequence of Late Mississippian tectonism (Trexler
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Figure. 2 Distribution of Antler Foreland Basin Deposits 
(after Poole, 1974)
10
and Cashman, 1991). This successor basin was initially filled by 
siliciclastics during the Late Mississippian, giving way to carbonate 
sedimentation during latest Mississippian and Pennsylvanian time. Strata 
that comprise this successor basin are known as the Newark Valley sequence 
(after Trexler and Nitchman, 1990).
Successor basins were first introduced into the literature by Eisbacher 
(1976) based on work done in the Mesozoic Bowser Group of British 
Columbia. Einsele (1992) described successor basins as polyhistory basins 
"consisting of changing basin types along a zone of long-persisting tectonic 
'weakness'". In this paper I refer to the successor basin in which the Newark 
Valley sequence was deposited as the Newark Valley successor basin. Parts 
of this successor basin lie proximal to a zone of tectonic weakness, marked 
by the leading edge of the Roberts Mountain allochthon. Other margins of 
the Newark Valley successor basin are poorly defined due to poor exposure.
The purpose of this study is to examine the stratigraphy, 
sedimentology and petrography of the lower part of the Newark Valley 
sequence. Specific objectives include: 1) development of a facies model, 2) 
a paleocurrent analysis, 3) source charaterization of the siliciclastic 
sediment, 4) the development of a subsidence history incorporating a 
biostratigraphic study, and 5) an analysis of the geometry and depositional 
history of the lower portion of this sequence and how these factors relate to 
the development of the successor basin. These data will lead to a more 
complete understanding of Late Mississippian tectonism.
Location
The study area for this project, centered about 115°50’ W longitude 
and between 39°34’ and 39°54’ N latitude, is located within the central part 
of the Diamond Range, east-central Nevada (Figure 3). The southernmost 
portion of this area is located approximately 12 kilometers northeast of the 
town of Eureka. Individual sections crop out along ridges lying within the 
Diamond Springs, Christina Peak, Rattlesnake Mountain and Diamond Peak 
7.5' quadrangles (Figure 4) (also see Appendix A). Sections on the western 
side of the range are accessed via State Route 46 which runs north through 
Diamond Valley. Sections on the eastern side of the range are accessed via 
State Route 892 which runs north through Newark Valley. Both Routes 46 
and 892 stem from U.S. Route 50, a major east-west highway across central 
Nevada. This area was selected for its stratigraphic completeness, structural 
simplicity and paleogeographic position relative to the western margin of the 
Antler foreland basin (Figure 5).
Geologic Setting
The Diamond Range is one of many uplifted Tertiary fault blocks 
within east-central Nevada that expose Paleozoic strata (Figure 6). This 
range is structurally dominated by large folds which are presumably a result 
of Mesozoic compressional tectonics (Larson and Riva, 1963, Nolan, 
Merriam and Brew, 1971 and Stewart, 1980). Most of these folds have 
gently plunging axes that are roughly parallel with the trend of the range. A 
vertical to slightly overturned west limb of a syncline makes up most of the
12
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Figure 3. Location o f the Study Area
Figure 4. Location of individual sections
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after NBMG Geologic Map of Nevada (1978) 
exposed Antler foreland basin sedimentary rocks 
■*■■«■ ■■ western lim it o f autochthonous foreland sedimentary rocks
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Figure 6. Geology of the Diamond Range (after Howard, 1978)
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range (Larson and Riva, 1963). Superimposed on the folds are scattered 
high angle normal faults which are presumably a result of Tertiary 
extensional tectonics (Larson and Riva, 1963, Nolan, Merriam and Brew, 
1971, and Stewart, 1980).
The Diamond Range strata comprises eleven formations which are 
mostly late Paleozoic in age. These formations include: the Silurian Lone 
Mountain Dolomite, the Devonian Nevada Formation, the Upper Devonian 
Devils Gate Limestone, the Upper Devonian to ? Lower Mississippian Pilot 
Shale, the Lower Mississippian Tripon Pass Limestone, the Lower 
Mississippian Dale Canyon Formation, the Lower to Upper Mississippian 
Chainman Shale, the Upper Mississippian Diamond Peak Formation, the 
Pennsylvanian Ely Limestone, the Permian Carbon Ridge Formation, and 
the Cretaceous Newark Canyon Formation (Figure 7) (Nolan, Merriam and 
Brew, 1971, and Poole and Sandberg, 1991).
Unconformities are recognized at the base of the Nevada Formation, 
the top of the Pilot Shale, the base of the Carbon Ridge Formation, the base 
of the Newark Canyon Formation (Nolan Merriam and Williams, 1956) and 
within the lower part of the Diamond Peak Formation (Trexler and 
Nitchman, 1990). The unconformity within the lower part of the Diamond 
Peak Formation is largely recognized on the basis of angular bedding 
relationships, a Meramecian - Chesterian biostratigraphic discontinuity, and 
facies shifts (Trexler and Nitchman, 1990). This unconformity is 
particularly significant to this study since it marks the lower boundary of the 
Newark Valley sequence.
Trexler and Nitchman (1990) recognized two tectonostratigraphic 
units within the carboniferous section of the Diamond Range. These units
17
Figure 7. Stratigraphic section from the Diamond Range (Nolan and
others, 1956; Trexler and Nitchman, 1990; and Poole 1991)
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consist of the Diamond Range sequence and the Newark Valley sequence. 
The Diamond Range sequence, the lower of the two sequences, is composed 
of submarine fan deposits which are bounded by unconformities at the base 
of the Chainman shale and within the lower part of the Diamond Peak 
Formation (Trexler and Nitchman, 1990) (Figure 7). The overlying Newark 
Valley sequence consists of deltaic, fluvial and shallow-marine carbonate 
deposits which are bounded by unconformities within the lower part of the 
Diamond Peak Formation and at the top of the Ely Limestone (Trexler and 
Cashman, 1991).
Previous Studies
Carboniferous stratigraphy of the Diamond Range was first studied by 
Hague (1892). Nolan, Merriam and Williams (1956) re-examined these 
units within a study of the stratigraphy around Eureka. Brew (1961) 
formally established a type section of the Diamond Peak Formation from the 
northeast flank of Diamond Peak, splitting it into members A through H. 
Brew and Gordon (1971) provide a detailed lithologic account of the 
Chainman Shale, Diamond Peak Formation and the lower Ely Limestone 
including a report on the biostratigraphy.
Stewart (1962) was the first to propose that portions of the Chainman- 
Diamond Peak interval were deposited by turbidity currents. Following 
Stewart’s interpretation, Brew and Gordon (1971) suggested that most of the 
Diamond Peak Formation and Chainman Shale were deposited in a marine 
setting below "effective" wave base. Poole (1974) concluded that most of 
the Antler foreland strata (i.e. Chainman Shale and Diamond Peak
19
Formation) represent "flysch" deposits. Contrary to Poole's interpretation, 
Wilson and Laule (1979) proposed that most of the Antler foreland strata 
were deposited in shallow or marginal marine settings. Harbaugh (1980) 
interpreted the Chainman-Diamond Peak interval as consisting of a 
retrogradational submarine fan system overlain by a progradational, steep- 
fronted delta.
Tectonic Setting
A variety of models have been set forth to explain the tectonic style of 
the Antler orogeny (Nilsen and Stewart, 1980). Nearly all of these models 
entail magmatism and high grade metamorphism west of central Nevada. 
However, these elements are essentially absent within the Roberts Mountain 
allochthon and Antler foreland basin. A popular model by Speed and Sleep 
(1982) proposes that east vergent thrusting associated with a west-dipping 
subduction zone resulted in the obduction of an accretionary prism creating a 
foreland basin (Figure 1). A recent modification by Burchfiel and Royden 
(1990) addressed the lack of evidence for magmatism by offering a 
comparison with a trench retreat model explaining thfe anomalous tectonic 
pattern within the northern Mediterranean.
The latest depiction of Devonian/Mississippian tectonism segregates 
activity into three principal phases which are based on stratigraphic 
relationships within the Antler foreland basin (Figure 8) (Trexler and 
Cashman, 1991). The use of the phases term herein is in accordanced with 
the definition presented by Trexler and others (1991), such that a tectonic 


































































Figure 8. Late Paleozoic and early Mesozoic tectonic phases of the Anlter and 
Sonoma orogenies (from Trexler and others, 1991).
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time. The Late Devonian Roberts Mountain phase is regarded as the "Antler" 
equivalent. This phase resulted in the formation of a foreland basin. A 
following period of uplift and erosion within the foreland setting marks the 
mid-Mississippian Wendover phase. Renewed Late Mississippian 
subsidence qualifies the beginning of the Christina Peak phase which 
resulted in the formation of a successor basin to the foreland basin. 
Pennsylvanian and Permian tectonism has also been segregated into tectonic 
phases which include: the Early to Middle Pennsylvanian Oquirrh phase, the 
Middle to Late Pennsylvanian Humbolt phase, the Early Permian Dry 
Mountain phase and the Late Permian Ishbel phase (Trexler and others, 
1991).
Methods
A variety of standard techniques were applied to the stratigraphic 
analysis of the Newark Valley sequence in this study. Five sections having 
minimal structural complications were measured using a 1.5m jacob staff in 
accordance with Compton’s (1962) geologic field manual. These sections 
are herein referred to as the Telegraph Canyon section, the Three Mile 
Canyon section, the South Ridge of Three Mile Canyon section, the 
Rattlesnake Mountain section and the Water Canyon section (see Figure 4 
and Appendix A for details on locations). The boundary between the 
Newark Valley sequence and underlying Diamond Range sequence was 
established in all but the Telegraph Canyon section based on vertical 
lithologic changes. This boundary could not established within the 
Telegraph canyon section since structural complexities have resulted in an
incomplete section. In each of these sections, bed thicknesses were recorded 
to the nearest 0.5m. Rock colors were assigned using the Geological Society 
of America (1984) rock color chart. Two additional sections were 
incorporated into this study. One of these sections, the Walters Canyon 
section, is from a study by Trexler and Cashman (1991). The other section 
is from Brew's (1971) type section of the Diamond Peak Formation. These 
seven sections represent the bulk of the data base crucial to the 
understanding of these strata. Measured sections will not be discussed in 
detail within the text. These sections are, however, depicted in detail in 
Appendix D.
Over 100 samples were collected for petrographic or biostratigraphic 
analysis. Biostratigraphic samples were analyzed by MicroStrat Inc. in 
order to establish precise ages from Endothyrid Foraminiferal zonations. 
Standard thin sections were made by Pioneer Thin Sections Inc., from 
petrographic samples. Siliciclastic samples were stained with sodium 
cobaltinitrite to reveal potassium feldspar grains. These samples were also 
stained with barium chloride and rhodizonate to reveal plagioclase feldspar 
grains. The compositions of certain feldspar grains were checked using an 
electron microscope equipped with an energy dispersive analyzer to 
ascertain if the feldspars took on the proper stains. Using the Gazzi- 
Dickinson method for point counting (after Dickinson, 1970; Dickinson and 
Suczek, 1979; Ingersoll and others, 1984), 300 or more grains were counted 
from each of 33 medium grained sandstone samples using a Nikon 
petrographic microscope equipped with a mechanical stage with 0.31mm 
increments. Separate tallies of zircon, detrital mica and heavy mineral 
grains were made from the total field of view. Carbonate slides were stained
2 3
with Aliiarin red S te reveal dolomite eentent, These slides were evaluated 
Ifor composition, abundance of reeegnlzable taxa, and diagnostic textoes 
(Table 2),
Field measurements were taken from a variety of currentTofmed 
structures, Representative sets ©f attitudes were measured from three- 
dimenstonally exposed sets of tabular cross-strata. Trends and plunges were 
measured from three-dimensionaUy exposed linear features. These 
measurements were rotated back to paleohorizontal using version 4.1 of the 
Stereonet program written by R.W. Allmendinger (1988).
2 4
SEDIMENTOLOGIC CHARACTER
The Newark Valley sequence is made up of beds of argillite, 
sandstone, conglomerate, limestone and siliceous limestone. The lower part 
of this sequence is composed dominantly of siliciclastic lithologies whereas 
the upper part is composed primarily of limestone. Bedding within the 
lower siliciclastic part consists of coarse-grained lenses intercalated with 
finer-grained sedimentary rocks. Differences in erodibility between the 
resistant coarse grained-lenses and the recessive finer-grained sections has 
resulted in a rib and swale outcrop pattern (Photograph 1). Bedding within 
the upper carbonate part of the Newark Valley sequence is somewhat more 
uniform consisting of evenly bedded limestones with dispersed siliciclastic 
lenses. Descriptions of these and equivalent strata have been provided in 
studies by Dott (1955), Nolan, Merriam and Williams (1956), Brew and 
Gordon (1971), Bloomquist (1972), McCleary (1974), Harbaugh (1980), 
Sitler (1982), Svoboda (1985), Brown (1986) and Trexler and Cashman 
(1991). The following descriptions of the lithologies represented within the 
Newark Valley sequence are based on field and limited petrographic 
observations.
Argillite
Argillite constitutes roughly 50% of the siliciclastic portion of the 
Newark Valley sequence. This lithology represents indurated claystone, 
mudstone, and siltstone (after Boggs, 1992). Petrographic analysis of a few
25
Photograph 1. Rib and swale outcrop pattern from the middle part of the 
Three Mile Canyon section.
Photograph 2. Bedding-parallel cleavage from the lower part of the 
Rattlesnake Mountain section.
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of the coarser grained argillite samples reveal numerous angular quartz 
grains in a phillosilicate matrix.
Sections of argillite are easily recognized by their profuse cleavage.
In most argillite sections, cleavage obscures stratification. In a few argillite 
sections, particularly from the lower parts of the Rattlesnake Mountain and 
Water Canyon sections, it is apparent that prominent cleavage direction is 
parallel to bedding (Photograph 2). In these cases parting is attributed to 
minor changes in grain size. The common occurrence of a diagnostic trace 
fossil along parting surfaces provides additional evidence for this being a 
bedding plane. This particular trace fossil is charaterized by flat, narrow, 
irregularly winding pathways (Photograph 3). They have been interpreted by 
Poole (1974) to be of Nereites association. Bedding is established within 
some of the more abundantly cleaved argillite sections based on rare 
occurrences of planar and ripple laminae and surfaces which exhibit mud 
cracks, raindrop imprints, and ripple casts (Photographs 4 and 5).
Thin sandstone dykes were recognized in three separate argillite 
sections. Two such occurrences are from the Telegraph Canyon section 
while the third occurrence is from the Three Mile Canyon section (see 
Appendix D). In each case it appears that the dykes cross-cut bedding at 
high angles. Recognition of these dykes is principally due to their 
contrasting greenish color compared with the reddish color of the 
surrounding argillite.
Several argillite sections contain intervals with scattered, small, 
rounded chert pebbles. These occurrences are denoted by the following 
intervals (see Appendix D): 698m to 707m and 832m to 834m within the 
Three Mile Canyon section, 16m to 24m, 29m to 38m, 65m to 71m, 82m to
2 7
Photograph 3. Burrows of Nereites association from the lower part 
of the Rattlesnake Mountain section.
Photograph 4. Raindrop imprints from the upper part of the Telegraph 
Canyon section (557m).
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Photograph 5. Casts of symmetric ripples within red argillite from just 
below the base of the Ely Limestone within the South 
Ridge of Three Mile Canyon section (665m).
Photograph 6. Fossiliferous olive gray argillite within the lower part of 
the Rattlesnake Mountain section.
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83m and 205m to 207m within the Water Canyon section, and 152m and 
378m within the Rattlesnake Mountain section. The Water Canyon and 
Rattlesnake Mountain occurrences are within dark gray argillites whereas 
the Three Mile Canyon occurrences are within red and green argillites. In all 
cases pebbles are well rounded, sub-spherical and are 0.5 cm to 3 cm in 
diameter. Pebbles are estimated to comprise between 5 and 50% of the rock. 
Most occurrences of pebbly argillite are marked by a well developed 
bimodal sorting. No internal stratification or grading are recognized except 
for one pebbly argillite section within the lower Water canyon section which 
is gradational with an overlying very thin bed of matrix supported 
conglomerate. Sections of pebbly argillite are considered to represent 
mudflow deposits based on the their sorting aspects and lack of internal 
structure (after Boggs, 1992 and Collinson and Thompson, 1989).
Many argillite sections, particularly within the lower parts of the 
Water Canyon and Rattlesnake Mountain sections, contain common to 
abundant molds of crinoid fragments, brachiopod valves and bryozoan 
fragments (Photograph 6). One peculiar aspect regarding the distribution of 
these molds is that they are more or less evenly scattered throughout the 
argillite instead of defining bedding planes.
Carbonate Nodules. More than half of all argillite sections 
contain light gray to bluish-gray micritic nodules (Photographs 7, 8 and 9). 
These nodules are represented by a large variety of sizes and shapes. Most 
nodules are less than 5cm in diameter; however, some have diameters 
greater than 20cm. Nodules range in shape from amoebic forms with many 
reentrants to more spherical forms. Some nodules are segmented by thin
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Photograph 7. Nodular calcrete horizon within red argillite from the lower 
part of the South Ridge of Three Mile section (144m).
Photograph 8. Close up of nodules showing thin partitions of the host 
lithology from a nodular horizon from the middle part 
of the Water Canyon section (565m).
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Photograph 9. Internal structure of a calcrete nodule from the middle 
part Three Mile Canyon section (965m).
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partitions of the host lithology (Photograph 8) indicating that they grew in 
place. Larger nodules commonly exhibit a network of ‘healed’ fractures 
suggesting that they have undergone a stage of brecciation (Photograph 9). 
These fractures are also recognized in thin section. Chlorite and authigenic 
feldspar rims are also recognizeable in thin section.
Nodules are distributed along laterally persistent stratigraphic 
horizons. Vertical distributions of nodules within the lower part of the 
Newark Valley sequence are identical to distributions portrayed within three 
of the stages of calcrete development proposed by Allen (1986) (Figure 9). 
Occurrences of very pale red micrite beds (Photograph 10) above nodular 
horizons are equated with Allen’s (1986) third stage (stage C) of calcrete 
development. These micrite beds occur solely within reddish argillite 
sections. They occur in greatest abundance near the top of the siliciclastic 
portion of the Newark Valley sequence. The fact that in certain places 
nodules grade into bluish-gray fossiliferous limestone suggests that there are 
different origins for nodules.
Two separate origins of these nodules are herein proposed based on 
the nature of their occurrence. Light gray nodules occurring within dusky 
reddish and greenish argillites are considered to be of pedogenic origin 
based on the large number of studies which have reported similar 
distributions of nodules within red bed successions (Table 1). Steel (1974), 
McPherson (1979) and Allen (1986) have shown that such nodules, refered 
to as glaebules, represent fossil caliche (i.e. calcrete). An alternate origin is 
proposed for nodules associated with bluish-gray limestone beds 
(Photograph 11). In most cases, these limestone beds are represented by 





















M en , 1986 Old Red 
Sandstone








Abo Formation present present semi-arid fluvial










present present ? alluvial fan, flood 
plain
McBride, 1974 Difunta Group present present warm semi-humid 
to semi-arid w/ 
strong seasonality
delta plain
McPherson, 1979 Aztec Sandstone present present semi-arid (meandering)
fluvial
Steel, 1974 New Red 
Sandstone
present present semi-arid to arid flood plain
Walker & Harms, 
1971
Catskill Formation present yes seasonally dry or 
semi -arid
coastal plain
Table 1. Common elements of units containing calcareous nodules.
Photograph 10. Thick massive calcrete bed from the upper part of the 
Three Mile Canyon section (1116 to 1120m).
Photograph 11. Bluish-gray micrite nodules of suspected algal origin from 
the middle part of the South Ridge of Three Mile Canyon 
section (180m) (note proximity to a bed of carbonate 
mudstone at the bottom of the photograph).
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indicating their shallow-marine origin. The barren limestone beds are 
inferred to be of algal origin based on the sole occurrence of an in situ algal 
growth within one of these otherwise barren mudstone beds. The general 
lack of algal type structures in suspected algal limestones is attributed to 
bioturbation destroying such lamina sets. The fact that certain occurrences of 
nodules are genetically associated with such barren micritic limestone beds 
suggests that they are of a similar origin.
Calcite nodules within these strata were first recognized by Brew 
(1961 and 1971). Brew (1971) interpreted the nodules as an intraformational 
conglomerate after a model by Carozzi (1956) in which nodular layers are 
considered to have formed as a result of wave induced deformation. No 
evidence was uncovered which would support a wave- induced phenoplastic 
origin other than the peculiar amoeboid shapes of a number of the nodules.
Sandstone
Sandstone constitutes roughly 30% of the siliciclastic portion of the 
Newark Valley sequence. Sandstone occurrences within the Newark Valley 
sequence are exemplified by a variety of bedding styles which fall into two 
fundamental groups based on grain size. These consist of medium- to 
coarse-grained sandstone and fine-grained sandstone. Medium- and coarse­
grained sandstone occurs as thick beds capping large conglomerate lenses, as 
thin lenses within sections of argillite, as thin beds within sets of alternating 
conglomerate and sandstone beds, and as thin lenses within sections of 
limestone. Fine-grained sandstone occurs as thick beds which gradationally 
underlie or overlie argillite, and as very thin beds within sections of argillite.
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The majority of the sandstone beds are massive. Numerous sandstone 
beds, however, display internal laminae. These laminae are commonly 
manifested as light and dark bands, although in some cases they are 
represented by parting surfaces. The most prevalent lamina type are festoon 
trough cross-laminae or cross-strata, where more than one lamina set is 
represented (Photograph 12). These cross-laminae are considered to be 
small-scale features since no lamina sets have vertical heights greater than 
0.5 m. Rare three-dimensional exposures of these laminae reveal that the 
curvature of the troughs varies from being highly accentuated to almost 
tabular.
The second most-common lamina type are tabular cross-laminae.
Both large and small scale laminae are recognized within the Newark Valley 
sequence. Small-scale, tabular cross-laminae are typically less than lm  in 
height and 1.5m in horizontal reach (Photograph 13). These small-scale 
cross-laminae are much more common than their larger scale counterparts. 
Large-scale, tabular cross-laminae approach 2 meters in height. Two 
occurrences of these large-scale laminae are recognized within the lower 
portion of the Newark Valley sequence. One such occurrence consists of 
steep foresets within the basal conglomerate of the Water Canyon section. 
The other occurrence consists of possible low-angle foresets within the 
lower portion of the Rattlesnake Mountain section.
A diagnostic type of tabular cross-strata occurs within several of the 
beds within the middle portion of the Water Canyon section. These cross­
strata consist of sets of low-angle, tabular foresets displaying opposite dip 
directions (Photograph 14). These cross-strata resemble foresets formed in a 
shoreface setting by seasonal changes in current strength (after Elliot, 1978).
Photograph 12. Festoon trough cross-strata from the middle part 
of the Three Mile Canyon section (618m).
Photograph 13. Tabular cross-laminae from the lower part of the 
Three Mile Canyon section (353m).
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Photograph 14. Low angle bi-directional tabular foresets from the middle 
part of the Water Canyon section (562m).
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The third most-common lamina type is horizontal planar laminae. 
These laminae are typically represented by parting planes. The least 
common lamina type is convolute lamination. There are only a few 
suspected occurrences of convolute laminae within the Newark Valley 
sequence.
Sandstone beds are composed of 90 to 100% quartz and chert grains 
(Photographs 15 and 16) (Table 2). Other grain types include feldspar, 
sedimentary lithics, zircon, detrital mica, and various heavy minerals. These 
beds are typically cemented by syntaxial quartz overgrowths and chert. 
However, in some instances iron oxides such as hematite or chlorite and 
calcite are also suspected of acting as cements. Most medium- and coarse­
grained sandstone beds are considered to be texturally mature based on 
sorting and rounding characteristics seen in thin sections. These attributes of 
maturity are less evident within finer grain sandstones. Some of the coarse­
grained sandstone beds contain scattered pebbles.
Conglomerate
Chert pebble conglomerate constitutes roughly 20% of the 
siliciclastic portion of the Newark Valley sequence. The majority of 
conglomerate beds are moderately to poorly sorted yet well cemented by 
varieties of silica. These poorly sorted conglomerates are commonly 
gradational with coarse pebbly sandstones. Most conglomerates contain a 
coarse sand matrix; however, in two unique cases within the lower portion of 
the Water Canyon section, conglomerate beds contain an argillite matrix.
All but a few conglomerate beds display a random clast fabric. However,
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Photograph 15.
field of view in this photograph = 3.4mm 
Photomicrograph, in plane-polarized light of a quartz and 
chert rich sandstone from the lower portion of the Rattlesnake 
Mountain section (sample RM22A).
field of view in this photograph ® 3.4mm
Photograph 16. Same as above but in cross-polarized light (sample RM22A).
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sample facies Qm Qp chert Fk F P matrix total zircon mica IIM
AP1C mf 195 39 66 0 0 0 15 315 0 0 0
AP5C mf 137 13 151 0 0 0 40 341 2 5 0
AP6.5C mf 81 24 166 0 0 31 57 359 1 0 1
AP9C mf 140 22 139 0 0 0 7 308 0 0 0
AP17C mf/dp 129 37 118 17 0 0 55 355 0 0 0
90JT411* - 142 37 58 30 19 21 84 389 4 15 0
90JT423 df 158 38 109 0 0 0 22 327 2 2 1
90JT434 SS 202 28 66 8 0 0 12 313 0 0 0
90JT441 dp___ 126 53 109 0 14? 0 11 313 8 0 1
90JT446 s s 224 41 37 0 0 0 46 348 2 0 1
TM1A* - 162 63 34 0 38 16 46 358 3 4 0
TM2A bf 233 48 18 0 0 0 155 457 5 5 20
TM9A s s 174 36 92 0 1? 0 176 478 0 0 0
TM11A mf 202 12 86 0 0 0 3 303 0 0 0
TM1B
______
133 50 116 0 2? 0 67 368 10 0 0
TM3B dp 132 25 142 1 0 0 14 314 0 0 2
RM7A SS 242 9 24 25 0 0 102 402 8 5 2
RM10A dp 161 19 106 14 0 0 53 353 2 2 0
RM12A mf/dp 101 38 160 0 1? 0 31 331 3 0 0
RM13A mf 102 28 171 0 0 0 39 340 1 1 0
RM14A mf 99 43 157 0 0 1 30 330 3 1 2
RM15A mf 158 24 111 0 0 8 30 331 2 1 0
RM16A mf 236 12 47 0 0 5 15 315 1 0 0
RM21A df 120 26 135 0 0 19 6 306 0 0 0
RM22A df 114 27 148 0 0 15 14 318 0 0 0
RM24A df 124 12 147 20 0 0 27 331 2 1 1
RM25A* - 184 26 50 7 17 6 66 368 1 1 0
RM27A* - 172 43 50 21 10 6 30 332 2 7 0
RM29A* - 231 21 17 13 41 0 7 330 0 0 0
WT8.5 dp/mf 144 49 95 0 5? 0 77 400 1 6 0
89JT311# _ 142 2 49 0 58 51 24 326 - - -
89JT321# - 138 3 136 0 0 31 2 310 - - -
89JT401 dp 169 31 103 0 0 0 25 328 5 3 3
89JT403 dp 219 25 54 0 1 1 3 303 3 0 1
89JT452 dp/mf 212 14 79 0 0 1 115 421 0 0 0
* from the Diamond Range sequence Facies: bf = braided fluvial
# point count data from (Trexler and Cashman, 1991) mf = meandering fluvial
Qm = monocrystalline quartz dp = delta plain
Qp = polycrystalline quartz df = delta front
Fp = plagioclase feldspar ss = shallow-marine siliciclastic
Fk = potassium feldspar
Ls = sedimentary lithic
HM = heavy minerals (undifferentiated)
Table 2. Sandstone point count data.
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several conglomerate beds within the lower portion of the Rattlesnake 
Mountain section display a planar parallel fabric (Photograph 17).
Conglomerate bedforms primarily consist of large-scale lenses. 
Bedsets of planar-bedded conglomerate and sandstone are also recognized in 
the lower parts of the Rattlesnake Mountain and Water Canyon sections. 
Most conglomerate beds are massive, with the exception of planar and cross- 
stratified conglomerates within the lower part of the Rattlesnake Mountain 
and Water Canyon sections.
Two pebble counts (Table 3) were done to confirm previous estimates 
by Brew and Gordon (1971), Harbaugh (1980) and Silter (1982) that 
conglomerate beds within the upper part of the Diamond Peak Formation are 
essentially composed of chert and quartzite clasts. Other lithologies 
recognized include rare sandstone clasts and siltstone rip-ups. The majority 
of clasts within conglomerate beds are well rounded and sub-spherical 
(Photograph 18). Clast diameter are typically less than 7 cm. The largest 
clasts within the Newark Valley sequence are roughly 30 cm in diameter.
Limestone
Bluish-gray limestone is estimated to make up most of the Newark 
Valley sequence. Bedding within limestone sections is typically defined by 
thin yellowish-gray, recessive, silty horizons and or chert nodules 
(Photograph 19). Bedding ranges from thin to thick. Thinner bedding is 
attributed to increased siliciclastic content. Bedding contacts are rarely 
defined by sharp changes in texture similar to those reported by Dott (1958). 
Dott (1958) recognized textural contacts within equivalent Pennsylvanian
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Photograph 17. Planar-parallel fabric within a conglomerate bed from the 
lower part of the Rattlesnake Mountain section (152m).
Photograph 18. Weathered surface of a conglomerate bed from the
middle part of the South Ridge of Three Mile Canyon section 
(508m).
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Photograph 19. Bedding represented by silty horizons and chert nodules 
within a bioclastic mudstone within the upper Three Mile 
Canyon section (1180m).




Table 3. Clast counts of two separate conglomerate beds 
within the Newark Valley sequence
46
strata of Northern White Pine and Eureka Counties and southern Elko 
County which he interpreted to be diastems formed by sea level changes 
which caused winnowing from increased bottom agitation. Most limetone 
beds display laminae or a nodular fabric. However, there are a number of 
beds which are massive or structureless.
Limestone contains negligible quantities of terrigenous siliciclastics, 
authigenic chert, authigenic feldspar (after Honess and Jeffries, 1940), and 
dolomite (Table 4). However, one sample of limestone (WT11A) is 
estimated to contain over 5% dolomite.
Limestone beds are texturally represented by mudstone, wackestone, 
packstone and grainstone (after Dunham, 1962) (Photographs 20,21 and 
22). Mudstone and wackestone are by far the most common types of 
limestone (Figure 10). Mudstones are typically fossiliferous. Allochems 
within mudstones and wackestones are typically angular whereas allochems 
within packstones and grainstones are commonly rounded (Table 4).
Allochems primarily consist of crinoid fragments, brachiopod 
fragments, bryozoan fragments, algal fragments, foraminifera, and peloids, 
some of which are seen in Photograph 20 (Table 4). Less common 
allochems include: pelecypod fragments, gastropod fragments, oncolites, 
trilobite fragments, coral fragments, ostracods, intraclasts and (?) ooids. 
Micrite and microsparite are the only types of matrix within limestone beds. 
Micrite is considered to be the most common cement since a majority of the 
samples are matrix rich (Table 4). Other cements include microsparite, 
sparry calcite and syntaxial cement.
Chert nodules are common to abundant within many limestone 
sections within the Newark Valley sequence. These nodules are black and
field of view in this photograph = 3.4mm
Photograph 20. Photomicrograph of a sorted bioclastic packstone (AP19A).
field of view in this photograph * 3.4mm
Photograph 21. Photomicrograph of a barren, bioturbated mudstone (WT7 A).
field of view in this photograph = 3.4mm
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Figure 10. Relative abundances of limestone lithologies
within the Ely Limestone (after Brown, 1986).
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typically weather to a light brown. Most nodules have elongate, bedding 
parallel shapes. Fossils are rare inside nodules. In two separate cases, faint 
detrital textures (i.e. laminae) are recognized within nodules (Photograph 
23). It is therefore speculated that some chert nodules originated from the 
recrystallization of siliceous detritus. It is suspected that the recrystallization 
of the sand or silt into a nodular form is a consequence of subtle 
environmental changes in pH and/or Eh. Such penecontemporaneous 
formation of chert has been reported from similar occurrences of nodular 
chert (Harris, 1979).
Siliceous Limestone
Siliceous limestone is estimated to constitute less than 5% of the 
Newark Valley sequence. This lithology is exemplified by limestones which 
contain an abundance of siliciclastics. Siliceous limestone beds are 
distinguished from ‘purer’ limestone by their diagnostic light yellowish gray 
hues, attributed to increased proportions of siliciclastic material. Varieties of 
siliceous limestones include silty, sandy and pebbly limestones. These 
varieties are distinguished on the basis of the abundance of the largest clast 
size of the siliciclastic portion.
Silty limestone is the prevalent variety of siliceous limestone followed 
by sandy limestone and pebbly limestone. Clasts within pebbly limestones 
are predominantly chert whereas grains in sandy limestones are 
predominantly quartz.
Bedding styles represented within zones of siliceous limestone 
include structureless or massive bedding, horizontal laminae, and both low-
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and high-angle, tabular cross-laminae. Both Brew (1971) and Trexler (pers. 
commun. 1991) have recognized cross-strata within siliceous limestones of 
the Newark Valley sequence or equivalent units. Cross-strata recognized by 
Trexler (pers. commun. 1991) consist of large scale pebbly foresets.
Color
Lithologies within the Newark Valley sequence exhibit a multitude of 
colors which are represented by four fundamental groups. These groups 
consist of 1) red/purple hues, 2)greenish hues, 3) yellowish gray/brown and 
4.) gray hues (Table 5). The red/purple hues are presumed to be caused by 
minor amounts of hematite. Studies show that greenish hues are due to the 
presence of chlorite and illite (McBride, 1974). The yellowish gray and 
brown hues are presumed to be from the presence of minor amounts of 
limonite. The gray hues are largely considered to be caused by the presence 
of carbon. Disseminated sulfides may also be a contributing factor with 
respect to gray hues.
Studies have shown that these coloring agents are a reflection of the 
environmental conditions at the time of deposition. Red hues are commonly 
attributed to deposition in well-drained, oxidizing or subaerial environments 
(Van Houten, 1961 and McBride 1974). Green hues are attributed to the 
chemical reduction of iron by decaying organic matter or groundwater with 
reducing potential (McBride, 1974 and Retallack, 1991). Gray hues are 
attributed to the incomplete destruction of organic matter (Photograph 24) 
(McBride, 1974).
Photograph 24. Very dark gray fossiliferous argillite within the 
lower Water Canyon section (293m).
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Color mottling, which is particularly evident within the red bed 
portion of the Newark Valley sequence, is interpreted to be drab-haloed root 
traces (after Retallack, 1991). These traces are manifested as 
greenish/yellowish spots within dominantly red argillite sections 
(Photographs 25 and 26). Mottled zones generally follow bedding. Another 
type of color mottle of similar origin is characterized by dark greenish gray 
spots within a pale yellowish gray argillite. This type of color mottle is 
limited to the basal portion of the Three Mile Canyon section.
Weathering and alteration typically obscure primary colors. The 
effects of weathering and alteration within the Newark Valley sequence 
include orange/brown oxidation coats, decarbonization rinds, liesegang 
banding and hydrothermal bleaching. Oxide coatings and decarbonization 
rinds are widespread features, whereas liesegang bands and hydrothermal 
bleaching are generally localized.
Photograph 25. Drab-haloed root traces from a red argillite section within 
the South Ridge of Three Mile Canyon section (144m).
Photograph 26. Drab-haloed root traces from thin gray argillite section
within the South Ridge of Three Mile Canyon section (27m).
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Seven depositional facies are recognized within the lower parts of the 
Newark Valley sequence. These facies consist of the braided fluvial, 
meandering fluvial, delta plain, delta front, prodelta, shallow-marine 
carbonate and reworked shallow-marine siliciclastic facies. A summary of 
distinguishing characteristics of these facies is provided in Table 6.
Braided Fluvial Facies
The braided fluvial facies forms the basal portions of the Three Mile 
Canyon and the South Ridge of Three Mile Canyon sections (Plate 1). This 
facies consists of thick, resistant lenses of light-gray conglomerate and 
sandstone which are surrounded by recessive sections of olive- to dark-gray 
sandstone and argillite (Figure 11). The resistant, coarse-grained lenses are 
considered to represent channel deposits and the recessive finer grained 
sections surrounding lenses are considered to be overbank deposits.
Channel deposits consist of thick, elongate lenses of light to greenish 
gray conglomerate and coarse pebbly sandstone which have sharp, scour 
bases and equafly-sharp, upper depositional contacts (Figure 11). It is 
estimated that these lenses range in width between tens of meters and several 
hundred meters (Photograph 27). Lenses range in thickness from about 2 
meters to about 15 meters and are judged to have an overall u-shape which is 
confirmed by at least one exposed margin that cross-cuts bedding at a high 
angle (Photograph 28).
Coarse lenses are typically composed of a thick, lower conglomerate 










































Cgl:sand:silt 8:2:1 27%  covered 1:13:2 24%  covered indeterminate 48:12:1 15% covered 1:7:192 7% covered indeterminate indeterminate
Bedding
Relationships
large U-shaped lenses of 
conglomerate and sandstone 
interbedded with siltstones 
and sandstones; 
fining upwards sequences
large U-shaped lenses of 
conglomerate and sandstone 
interbedded with siltstones 
and thin v-shaped lenses of 
sandstones;
fining upwards sequences
moderate to small U-shaped 
lenses o f conglomerate and 
sandstone interbedded with 
siltstones,thin v-shaped lenses 
o f sandstones, &  calcrete; 
fining upwards sequences
Stacks o f thin to thick 
conglomerate and sandstone 
separealed by sharp 
Bubplanar subhorizontal 
contacts
Thick sections of flaggy 




Thin discontinuous pods of 
conglomerate; horizontally 
lam inated sandstones; thin 
interbeds o f siltstone
m ax. clast size > 20cra > 28cm > 10cm >  10cm > 3cm > 5 c m > 8 cm
Textural sorting moderately well sorted moderately well sorted moderately well sorted well sorted poor to well sorted poor to well sorted well sorted
Attributes rounding well rounded well rounded well rounded well rounded well rounded well rounded well rounded





channel margins (rare) 
disrupted bedding (rare)
festoon trough cross-bedding 
(abundant)
rib and furrow structure (rare) 
sandstone dikes (rare) 
casts o f megaripples (rare) 
load caste (common) 
basal channel scours (rare)
festoon trough cross-bedding 
(abundant)
mudcracks (common) 
raindrop im prints (rare) 
ripple casts (rare) 
climbing ripples (rare)
tool m arks (rare) 
ripple laminae (7)
ripple laminae (?)
scour surfaces (?) 
tabular cross-bedding (rare)









(light olive gray) 
(olive) 
(dark gray)
5 R 3/4 
5 R  6/2 
5 R  2/2 
5 RP 2/2 
5 G 5 /2  
5 G  7/2 
10 G 5/2 




5 R 3 /4
5 R 6 /2  N2 
5 R 2/2 N3 
5 RP 2/2 N4 
5 G 5/2 weathering:
5 G 7/2 (greenish grey) 
10 G 5/2 (dark grey) 
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(7) N ere ites  





rugose corals (rare) 
bryozoa (rare) 
ichnofossils (common): 







gradational with delta plain 
facies
gradational with delta plain 
facies
gradational with fluvial 
facies &  shallow marine 
carbonate facies
surrounded by and in sharp 
contact with prodelta facies
envelopes delta front 
facies; is  gradational with 
shallow marine carbonate 
facies
in sharp contact with delta plain 
facies and gradational with 
reworked shallow  marine 
siliciclastic facies





channel axis: northwest- 
southeast
foresets: variable bu t generally 
southeast
channel axis: northeast-southwest 
basal scours: north-south
foresets: variable but generally 
to the southeast 
ripples: northeast
foresets: east and southeast 
Bole marks: northeast
n/a n/a foresets: northeast Anorthwest
Table 6. Summary of facies characteristics
lithologic patterns:
moderately sorted
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Table 7. Key to Figures 11 through 17.
scour base
Figure 11. Section of braided fluvial facies from the base of the 
Three Mile Canyon section, (see Appendix D, p.165) 
(see Table 7 for key to symbols)
- channel bodies of resistant conglomerate and sandstone in white
- Diamond Range sequence is represented by cross-hatched area
- canyon road is represented by heavy black line
Photograph 27. Channel bodies within the braided fluvial facies of the lower 
portion of the Three Mile Canyon section.
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- channel margin represented by heavy white line
Photograph 28. Channel margin within the braided fluvial facies of the lower 
portion of the Three Mile Canyon section.
6 4
sequences (Figure 11). The lower conglomerate portion commonly exhibits 
a single massive bed containing a basal lag deposit and rare internal 
sandstone lenses. Within certain lenses, conglomerate beds are separated by 
a prominent parting surface resulting from ‘mud drapes’ or internal scour 
surfaces representing subsequent stages of cut and fill (Figure 11). The 
upper sandstone portion of these lenses is represented by a single cross- 
laminated bed which is typically less than 2 meters thick.
Overbank deposits are exemplified by thin (less than 1 meter) to thick 
(greater than 40 meters) sections of recessive dark gray to olive sandstone 
and argillite between channel deposits. These sections are largely covered 
by slope regolith. Carbonate nodules and color mottles, representing drab- 
haloed root traces, are common in several of the thicker sections of overbank 
deposits. Calcrete nodule distributions within this facies resemble stage A of 
Allen's (1986) development profiles (Figure 9). Planar laminae are 
recognized within some medium sandstone beds. A gradual fining upward 
sequence is perceived within a particularly thick section of overbank 
deposits within the braided fluvial facies portion of the Three Mile Canyon 
section (Figure 12).
Colors within the braided fluvial facies include various shades of gray 
and olive gray. Argillite beds within this facies exhibit dark bluish-gray hues 
on fresh surfaces (Table 5). The coarse sandstones and conglomerate beds 
typically exhibit light gray hues on unweathered surfaces. The medium- to 
fine-grained sandstones typically exhibit olive gray hues on unweathered 
surfaces. There is a prevalent orange brown oxide coating on many of the 
exposures of this facies. The dark hues of the finer grained beds is presumed 







argillite fine medium coarse 
sandstone
fine medium coarse 
conglomerate
Figure 12. Fine-grained section of braided fluvial facies
from the Base of the Three Mile Canyon section, (see 
Appendix D, p.165 ) (see Table 7 for key to symbols)
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sulfides. Both of these elements indicate that these sediments were 
deposited in reducing anaerobic environments.
Many aspects of this facies support a braided-fluvial environmental 
interpretation. Miall (1978), Rust (1978), Galloway and Hobday (1983),
Rust and Koster (1984), and Walker and Cant (1984) have shown that 
deposits of braided fluvial systems, though variable, do have characteristic 
attributes which enable them to be distinguished from other types of 
deposits. These include: 1) the predominance of coarse lithologies such as 
conglomerate and coarse sandstone, 2) the prevalence of cross-stratified 
bedforms, 3) relatively poorly developed fining upwards sequences, 4) 
pedogenic features including calcrete nodules, 5) the common occurrence of 
pebble imbrication, and 6) relatively complex channel architecture.
Many of these characteristics are recognized within this facies. The 
predominance of coarse lithologies within this facies is evident from a 
conglomerate to sandstone to argillite ratio of 8:2:1. The prevalence of 
cross-stratification within this facies is evident from the numerous sandstone 
beds which exhibit tabular cross-laminae. However, it is not clear why there 
are no apparent cross-strata within the conglomerate beds. The lack of well- 
developed fining upwards sequences is evident from the stratigraphy (Figure 
11). The common occurrence of pedogenic features such as nodular calcrete 
and drab-haloed root traces attests to the subaerial setting for this facies. 
Clast imbrication is lacking from this facies presumably because clasts are 
too spherical to have formed such imbricate structures. The complex 
architecture of channels within this facies is evident from the occurrence of 
subordinate lenses, "mud drapes", and secondary scour surfaces. Collinson 
(1978) has attributed the occurrence of mud drapes within alluvial
successions to the deposition of thin veneers of mud in pools during low 
stands in water levels.
Meandering Fluvial Facies
The meandering fluvial facies occurs in many of the northern sections 
including Telegraph Canyon, Three Mile Canyon, South Ridge of Three 
Mile Canyon, Walter’s Canyon and possibly the Rattlesnake Mountain 
section (Plate 1). This facies is characterized by elongate, resistant lenses of 
pale purple to pale green conglomerate and sandstone surrounded by 
recessive sections of dusky red to dusky green argillite and sandstone. The 
resistant lenses are inferred to represent channel deposits and the recessive 
sections are inferred to represent overbank deposits.
The channel deposits are exemplified by thin (<lm) to thick (>10m) 
lenses of conglomerate and sandstone which range in width from tens of 
meters to over several hundred meters (Photograph 45). These lenses 
display erosional soles and sharp to gradational upper contacts (Figure 13). 
Basal scours and load casts are exposed on the soles of many lenses. 
Differential weathering also reveals the abmpt character of lens margins 
indicating that lenses are U-shaped.
Lenses within the meandering fluvial facies are typically composed of 
a lower conglomeratic portion and a upper sandstone portion (Figure 13) 
constituting a fining upwards sequence. The lower conglomeratic portion is 
commonly characterized by a massive bed of poorly sorted, silicified chert 
pebble conglomerate. Lag deposits are recognized within some lenses by the 




Figure 13. Section of meandering fluvial facies from the middle
of the Three Mile Canyon section.(see Appendix D, p.193) 
(see Table 7 for key to symbols)
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lens. There is an overall lack of sedimentary structures within this lower 
conglomerate portion other than very rare internal scour surfaces 
(Photograph 29). The upper sandstone portions of these lenses consist of a 
thin to thick bed of cross-laminated, coarse, pebbly sandstone. Festoon 
trough cross-stratification is the most common type of cross-lamination 
(Photograph 14). Structures recognized on the tops of these lenses include a 
single occurrence of rib and furrow structure and a single occurrence of a set 
of megaripples (Photograph 30).
Overbank deposits consist of thick sections of argillite and fine 
grained sandstone interbedded with thin lenses of medium- to coarse-grained 
sandstone (Figure 13) (Photograph 31). Bedding within the argillite and fine 
sandstone portions is considered to be massive since none of the cleavage or 
parting directions mimic the overall bedding as represented by the attitude of 
the lenses. It is suspected that destruction of original bedding fabric is due 
to intense bioturbation by roots since drab-haloed root traces are common to 
prevalent in many sections of overbank deposits. Calcrete nodules are also 
widespread within the argillite and fine sandstone portions of the overbank 
deposits (Photograph 7). The association of these thin lenses of medium- to 
coarse-grained sandstone with the argillite and fine-grained sandstone 
suggests that they are crevasse splay deposits similar to those described by 
Elliot (1974). These lenses are easily recognized from their resistance to 
erosion. Also, many of these lenses are easily distinguished because they are 
pale green whereas the surrounding argillite and fine sandstone is dusky red 
or dusky purple. In certain cases, splays are stacked one on another forming 
thick dominantly sandstone intervals. Individual lenses can be distinguished 
on the basis of very thin layers of reddish argillite which separate them. The
Photograph 29. Internal scour surface within a channel of the meandering 
fluvial facies from the lower South Ridge of Three Mile 
Canyon section (229 to 231m).
Photograph 30. A set of large-scale ripples from the top escarpment of a 
channel of meandering fluvial facies from the lower 
Telegraph Canyon section (100m).
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Photograph 31. A section of overbank deposits within the meandering
fluvial facies from the middle of the South Ridge of Three 
Mile Canyon section (408 to 415m).
Photograph 32. Cross-section through a overbank to channel to overbank
succession within the meandering fluvial facies of the middle 
of the South Ridge of Three Mile Canyon section, (upsection 





lower portions of these overbank deposits commonly exhibit fming-upwards 
sequences from sandstone to argillite.
The repeated sequence of channel deposits fining upwards into 
overbank deposits which are then truncated by another lens of channel 
deposits (Photograph 32) (Figure 13), is considered to be one of the more 
diagnostic attributes of this facies. Such cyclicity is commonly reported from 
meandering fluvial deposits. Many authors have attributed this type of 
cyclicity to phases of channel migration, avulsion and abandonment 
(Collinson, 1978 and Walker and Cant, 1984). In certain places, such 
cyclicity is also apparent from the repetition of colors (Photograph 33).
Deposits of this facies are predominantly reddish and greenish in color 
(Table 5). Fine-grained sandstones and argillites are typically dusky red to 
dusky green whereas the coarser-grained lithologies are typically pale red to 
pale green. The reddish hues are due to the presence of hematite while the 
greenish hues are from the presence of chlorite and illite. The prevalence of 
red hues indicates that most beds were deposited in a well-drained subaerial 
environment. The green hues are commonly associated with coarser-grained 
lenses and zones beneath such lenses suggesting that these colors were 
largely introduced as a consequence of groundwater with a reducing 
potential.
Most aspects of this facies indicate deposition within a meandering 
fluvial environment. Characteristic attributes of meandering fluvial systems 
include: 1) predominance of fine grained lithologies, 2) repeated successions 
of channel deposits overlain by overbank deposits, 3) lateral accretion 
foresets, 4) well-developed fming-upwards sequences 5) prevalence of 
cross-stratification, especially trough cross-stratification, 6) common
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Photograph 33. Possible large-scale cycles represented by the repeated 
succession of green to red colors within die upper 
South Ridge of Three Mile Canyon section.
Photograph 34. Mold of a brachiopod valve from the red bed variety of the
delta plain facies within the upper South Ridge of Three Mile 
Canyon section.
occurrence of pedogenic features, and 7) rocks of red and green color.
Nearly all of these attributes are represented within this facies. The 
predominance of fine grained lithologies within this facies is denoted by a 
1:1.5:2 conglomerate to sandstone to argillite ratio. There is a distinct 
cyclicity exemplified by the regularity of alternating channel deposits and 
overbank deposits. This facies contains numerous occurrences of trough 
cross-stratification, crevasse splay deposits, and pedogenic features.
Fining-upwards sequences within this facies are much better 
developed than those within the braided fluvial facies. However, there is 
still a significant difference between fining-upwards sequences within this 
facies and fining-upwards sequences portrayed in models of meandering 
fluvial systems (after Collinson, 1978 and Walker and Cant, 1984). This 
facies seemingly lacks lateral accretion foresets. One way to account for 
such differences would be to model this facies after a hybrid fluvial system 
which has both attributes of meandering and braided fluvial systems. Miall 
(1985) has developed such an approach. However, documentation of such 
hybrid systems requires knowledge of the three dimensional architecture.
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Delta Plain Facies
The delta plain facies is recognized in all sections (Plate 1), with the 
thickest parts occurring within the upper portions of the Water Canyon and 
Rattlesnake Mountain sections. This facies is the most difficult facies to 
characterize due to its high degree of variability and its gross similarity with
other facies. This degree of variability is considered to be a reflection of the 
many different types of depositional environments reported from delta plain 
settings (Elliot, 1978). On the most fundamental level this facies consists of 
resistant lenses of conglomerate and sandstone intercalated with recessive 
sections of sandstone and argillite similar to both the braided and 
meandering fluvial facies.
Two principal varieties of delta plain facies are recognized within the 
lower part of the Newark Valley sequence. These are the red bed variety and 
the gray-bed variety. The red bed variety occurs proximal to the meandering 
fluvial facies. Hence, it is found in the central and northern portions of the 
field area, whereas the gray-bed variety is generally restricted to the southern 
portion of the study area.
Red bed Variety. The red bed variety of the delta plain facies is 
characterized by sections of thin, coarse-grained lenses intercalated with 
argillite and fine-grained sandstone and calcrete which are dominantly red in 
color (Figure 14). This variety closely resembles the meandering fluvial 
facies. However, it differs from the meandering fluvial facies in that the 
bedding is generally thinner, calcrete is better developed, there* is an 
increased occurrence of mud cracks, raindrop imprints and ripple casts along 
bedding surfaces, and there are rare occurrences of marine fossils. The 
thinner bedding within this variety of the delta plain facies is considered to 
reflect the overall reduction in channel size due to the bifurcation of the 
main river into numerous smaller distributary channels as it approaches the 
delta. The advanced degree of development of the calcrete is exemplified by 




Figure 14. Section of the red-bed variety of the delta plain facies from the
top of the South Ridge of Three Mile Canyon section.(see
Appendix D, p,195)(see Table 7 for key to symbols)
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(Photograph 10). The occurrence of such advanced stages of calcrete 
suggests that these sediments were deposited in an area of minimal gradient 
since it has been shown that caliche is better development in areas of low 
relief (Reeves, 1976). The abundance of mud cracks, rain drop imprints, and 
casts of symmetric ripples within this variety of the delta plain facies is 
considered to reflect a prevalence of mud flat environments.
The most convincing evidence for a delta plain environment is the 
occurrence of marine fossils within this facies. These occurrences include: 1) 
a gastropod within the 1119 to 1120 meter interval of the Three Mile 
Canyon section, 2) brachiopods within the 565 to 568 meter interval of the 
Telegraph Canyon section and at the 615 meter interval within the South 
Ridge of Three Mile Canyon section (Photograph 34), 3) burrows of 
Skolithos association within the 652 to 656 meter interval of the Three Mile 
Canyon section, and 4) burrows of Nereites association within the 612 to 
616 meter interval of the South Ridge of Three Mile Canyon section 
(Photograph 35). There are also faint marks, on bedding surfaces exhibiting 
mud cracks or ripple casts, that are suspected of representing faunal activity. 
However, these marks are not preserved well enough to be classified into 
one of the established ichnofossil associations.
The occurrence of the Nereites traces within this variety of the delta 
plain facies is puzzling since this class of ichnofossils has traditionally been 
regarded as an indicator for bathyal to abyssal depths (Frey and Pemberton, 
1984). However, recent studies by Frey, Pemberton and Saunders (1990) 
have shown that such ichnofossil assemblages are not reliable 
paleobathymetric indicators. Hence such ichnofuanal occurrences within the 
Newark Valley sequence are treated as though they bear little if any
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Photograph 35. Burrows of Nereites association within the red bed variety 
of the delta plain facies from the upper portion of the South 
Ridge of Three Mile Canyon section.
Photograph 36. In situ algal growth from the lower part of the South Ridge of 
Three Mile Canyon section (128m).
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significance on any particular environmental interpretation. The combined 
aspects of the faunal occurrences, sedimentary structures and the general 
pigmentation suggest that rocks of this facies were deposited in a nearshore 
setting. Storms, floods, and/or tides may have transported marine fauna into 
a non-marine environment. Walker and Harms (1971) have recognized a 
similar yet more distinctive facies within the Upper Devonian Catskill 
Formation. They attributed the occurrence or marine, fossil-bearing beds 
amongst non-marine beds to repeated minor transgressions along a flat 
muddy coastline.
Gray-bed Variety. The gray-bed variety of delta plain facies is 
characterized by dark-gray argillites interbedded with relatively thick lenses 
of dark greenish gray conglomerate and sandstone (Figure 15). This variety 
of the delta plain facies generally lacks fossils, carbonate nodules, and 
exposure-formed sedimentary structures that are common within the red bed 
variety. There are common interbeds of shallow-marine limestone within 
this variety of the delta plain facies. The limited occurrence of a diagnostic 
type of cross-laminae suggests that waves reworked some of the sediments. 
These cross-laminae consist of sets of low angle tabular foresets with 
opposite dip directions indicating opposing currents (Photograph 16).
Similar types of cross-stratification have been attributed to seasonal changes 
in sedimentation patterns within shoreface environments (Elliot, 1978).
The gray-bed variety of the delta plain facies is considered to 
represent lower delta-plain deposits. This interpretation is supported by 
several factors including: 1) the dark gray colors indicating deposition within 
a dysaerobic environment, 2) channels of conglomerate and sandstone
Figure 15. Section of grey-bed variety of the delta plain facies from the
middle of the Water Canyon section.(see Appendix D,p.237-238)
(see Table 7 for key to symbols)
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indicating a fluvial style of sedimentation, 3) diagnostic bi-directional cross­
laminae indicating reworking of sediment within a shoreface environment 
and 4) numerous interbeds of limestone representing marine incursions. One 
problem with this interpretation is the apparent lack of fossils within 
argellite beds bordering limestone beds.
These two varieties of the delta plain facies are considered to 
represent end members in a continuum of delta plain facies types. 
Intermediate varieties within this continuum are characterized by variably 
thick sections of grayish green to greenish gray argillite interbedded with 
lenses of gray conglomerate and sandstone. Many of these intermediate 
varieties contain calcareous nodules. Several intermediate varieties also 
contain thin interbeds of barren (carbonate) mudstone. The isolated 
occurrence of an in situ algal growth (Photograph 36) suggests that these 




The delta front facies constitutes a relatively small portion of the 
Newark Valley sequence, occurring solely within the lower portions of the 
Water Canyon and Rattlesnake Mountain sections (Plate 1). This facies is 
characterized by isolated bodies of bedded, light gray conglomerate and 
sandstone which are in sharp contact with surrounding argillites and fine­
grained sandstones of the prodelta facies (Figure 16). Sections of delta front 
facies range in thickness from less than 2 meters to more than 45 meters. 
Bedding within this facies is characterized by bedsets of thick, planar-
8 2
sandstone conglomerate
Figure 16. Section of intercalated delta front and prodelta facies from
the lower Rattlesnake Mountain section.(see Appendix D,p.210-211)
(see Table 7 for key to symbols)
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bedded, well-sorted sandstone and conglomerate (Photograph 37). Beds are 
separated by sharp, planar, parting surfaces which are considered to 
represent bedding planes based on the occurrence of rare sole marks and 
plant fragments along such surfaces (Photographs 38, 39 and 40). Many of 
these bodies of delta front facies consist of alternating sandstone and 
conglomerate beds (Figure 16).
The majority of the sandstone beds are structureless, although planar 
laminae are recognized from at least one of the beds. It is, however, 
uncertain whether these laminae represent cross-laminae. One set of 
sandstone beds within the lower Rattlesnake Mountain section is ripple- 
laminated.
Conglomerate beds display a somewhat more conspicuous internal 
fabric. This fabric is characterized by a planar-parallel structure which is 
defined by a preferred clast orientation and by grain size differences 
(Photograph 18). In most cases it appears as if this fabric parallels bedding. 
However, in a few cases this fabric defines a plane which is at a low angle to 
bedding. Such relationships represent tabular foreset laminae.
Two notable exceptions to this style of bedding include isolated 
lenses of massive conglomerate. One such lens makes up the basal part of 
the Newark Valley sequence within the Water Canyon section. This lens 
exhibits considerable erosional relief, downcutting at least five meters into 
the Diamond Range sequence. Exposed within this lens are steeply-dipping 
large-scale foresets interpreted as Gilbert delta foresets. The other lens of 
massive conglomerate occurs in the upper portion of the prodelta facies 
within the Rattlesnake Mountain section. This lens is internally structureless.
Photograph 37. One of the bedding styles within the delta front facies 
of the lower part of the Rattlesnake Mountain section.
Photograph 38. Large plant fragments on the sole of a sandstone bed within 
the delta front facies of the lower Rattlesnake Mountain 
section.
Photograph 39 Groove casts from the sole of a sandstone bed within the delta 
front facies of the lower Rattlesnake Mountain section.
Photograph 40 Obstacle scour from the sole of a sandstone bed within the 
delta front facies of the lower Rattlesnake Mountain section.
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The relationship of this lens to the surrounding beds is unclear since the 
recessive nature of the surrounding rocks obscures any relationships.
There are are a variety of rare scour and tool marks which occur on 
the soles of beds within the delta front facies. These include: 1) a set of 
groove casts from the 88 to 89 meter and the 161 to 163 meter intervals of 
the Rattlesnake Mountain section (Photograph 39); 2) a poorly preserved 
flute cast from the 172 to 173 meter interval of the Rattlesnake Mountain 
section; and 3) obstacle scours (Photograph 40) from the same interval as the 
flute cast. The occurrence of sole marks appears to be limited to the bottom 
most beds in a body of delta front facies. The only fossils recognized from 
the delta front facies are plant fragments (Photograph 38). However, marine 
fossils are common in the much of the surrounding prodelta facies.
This facies is interpreted to represent delta front deposits primarily on 
the basis of its stratigraphic position within the prodelta facies. The 
occurrences of sole marks within this facies suggest that these deposits were 
laid down by tractive currents. Such features are regarded as an indication 
of episodic deposition (Collinson and Thompson, 1989)
Three types of epidodic deposits, signifying turbulant flow, are 
recognized within marine and nearshore environments. These include 
inundites, tempestites and turbidites (Seilacher, 1991). Both inundites and 
turbidites are the product of gradient induced density modified flows 
whereas tempesties result from sediment remobilization during storm surges. 
Features of each of these deposits are quite similar, hence it is difficult to 
differentiate between them in the sedimentary record. Seilacher and Einsele 
(1991) have shown that turbidites and inundites can be distinguished from 
tempestites based on the occurrence of unidirectional sole marks. Seilacher
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(1991) points out that inundites can be distinguished from turbidites by way 
of facies associations; inasmuch as inundites are associated with nonmarine 
to very shallow-marine facies, as opposed to turbidites, which are typically 
associated with deep marine facies.
There is not enough data from delta front sections in the study area to 
argue for any one specific type of episodic deposit for this facies. The fact 
that there are a few, poorly-preserved, unidirectional sole marks suggests 
that beds within this facies represent either inundites or turbidites. However, 
given the relationships with the surrounding prodelta and delta plain facies, 
it would be reasonable to assume that this facies represents amalgamated 
tempestites.
The presumption is made that these bodies, of the delta front facies, 
represent amalgamated inundites and/or tempestites wherein sediment was 
deposited along low-angle, broad, sediment aprons in a relatively shallow- 
marine setting. The occurrence of several unidirectional sole marks suggests 
that flow was gravitationally dirven for at least some deposits. Conceivably, 
storms created surges which transported coarse sediment by tractive forces 
down the slope of a bay mouth bar. Such surges were presumably turbulant 
and unidirectional as a result of the inherent slope instability within delta 
front settings.
Prodelta Facies
The prodelta facies constitutes a significant portion of the lower parts 
of the Water Canyon and Rattlesnake Mountain sections (Plate 1). This 
facies is characterized by thick slope-foiming sections of interbedded dark-
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gray argillite and fine-grained sandstone. Two styles of bedding occur 
within the argillite portions. One style is exemplified by a pronounced 
fissility (Photograph 2), indicating thin bedding. The other style is 
characterized by a more irregular cleavage indicating a more massive style 
of bedding. The relative proportions of these styles is not determined due to 
the lack of exposure. However, it is apparent from the limited exposure that 
the fissile variety is more common within the Rattlesnake Mountain section 
and the massive variety is more common within the Water Canyon section. 
Sections of the prodelta facies commonly consist of alternating very-thin 
beds of fine-grained sandstone and argillite.
Numerous sections of the prodelta facies contain fossils. The most 
common fossils are burrows of Nereites which occur along parting planes 
within the argillite (Photograph 3). These burrows represent the entire 
biocoenosis (i.e. life assemblage) for this facies. As noted earlier, in the 
past, such traces have been regarded as indicators of abyssal depths (Frey 
and Pemberton, 1984). However, recently such bathymetric associations 
have been refuted (Frey and others, 1990). Hence, the only environmental 
information provided by these traces are that they formed in quiet, 
oxygenated waters.
Molds of crinoid fragments, brachiopod valves, and bryozoan 
fragments (Photographs 6 and 24) are common throughout the prodelta 
facies. It is speculated that the crinoid fragments were transported into the 
prodelta environment from the fringes of a delta platform, since echinoderms 
are not able to tolerate brackish waters proximal to river mouths (Firby, pers. 
commun., 1993). Rare, solitary mgose corals occur along with these molds. 
Single occurrences of an ammonite and a tabulate coral have been noted
89
within this facies. Molds are randomly scattered within fossiliferous 
intervals. Many molds are partially filled by light bluish-gray micrite. 
Weathering proccesses appear to be removing carbonate, since fresh surfaces 
reveal undissolved fossils. In certain places micrite filled molds resemble 
calcareous nodules from other parts of the Newark Valley sequence. 
However, these occurrences can be easily differentiated from true nodules 
because they are associated with fossil molds.
One unique thanatocoenose (i.e. transported death assemblage) occurs 
within the prodelta facies. This thanatocoenose is characterized by molds of 
articulated echinoids, crinoids and asteroids (Photograph 41) occurring 
within a thin interval of finely laminated, fine-grained sandstone beneath a 
body of delta front facies in the lower portion of the Rattlesnake Mountain 
section. The remakable presevation suggest that they were quickly buried. 
As such, this thanatocoenose is considered to represent a storm deposit 
similar to those described by Brett and Seilacher (1991).
Another characteristic of this facies is the rare to common occurrence 
of pebbly argillite beds. These deposits are much more abundant within the 
prodelta portion of the Water Canyon section than in the prodelta portion of 
the Rattlesnake Mountain section. Such deposits are considered to represent 
mudflows, based on their poor sorting and their lack of stratification (after 
Collinson and Thompson, 1989 and Boggs, 1992). These mudflow deposits 
may represent failure of oversteepened slopes.
The prodelta facies consists of rocks which exhibit dark gray hues 
(Table 5). These hues are typically much lighter on weathered surfaces 
owing to the removal of carbon by oxidation. The fresh hues are darker due 
to the presence of carbon and sulfides. These two elements indicate that this
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Photograph 41. Molds of articulated echinoids and a crinoid calyx from the
prodelta facies within the lower Rattlesnake Mountain section 
(147m).
Photograph 42. Low angle foresets within a section of reworked shallow 
marine siliciclastic facies from the upper portion of the 
Rattlesnake Mountain section (978m).
91
facies was deposited in a dysaerobic environment. High sedimentation rates 
could also produce a similar result from rapid burial, thus preventing the loss 
of carbon due to bacterial decay.
Most attributes of this facies indicate that these sediments were 
deposited in a prodelta environment. Models of prodeltaic environments 
typically show a predominance of dark gray, fine-grained elastics (Elliot, 
1978 and Miall, 1984). Many of these models also depict prodelta settings 
as being unstable. Mudflows, listric growth faults and salt diapirs are 
commonly reported in this setting. The only indicators of instability 
recognized within the prodelta facies of the lower Newark Valley sequence 
are the pebbly argillites. The fact that this facies is overlain by the delta 
front and shallow-marine carbonate facies supports a prodelta environmental 
interpretation for this facies.
Shallow-marine Carbonate Facies
The shallow-marine carbonate facies makes up most of the upper 
portion of the Newark Valley sequence and only a minor portion of the 
lower part of the Newark Valley sequence. This facies is characterized by 
thick, uniformly bedded, bluish-gray, fossiliferous limestone, in which 
bedding is typically defined by yellowish-gray, silty horizons and chert 
nodules (Figure 17) (Photograph 22). Mudstone and wackestone dominate 
this facies. Crinoid and brachiopod fragments are by far the most common 
fossils exhibited within this facies. This facies contains numerous interbeds 
of the shallow-marine siliciclastic facies discussed in the next section.
92
sandstone conglomerate
Figure 17. Section o f intercalated shallow marine carbonate and reworked 
siliciclastic facies from the upper Rattlesnake Mountain section, 
(see Appendix D,p.219)(see Table 7 for key to symbols)
Standard microfacies analysis (after Flugel, 1982 and Wilson 1975) of 
limestone samples from various locations within the Newark Valley 
sequence indicates that these limestones were deposited in relatively 
shallow-marine environments. These standard microfacies types recognized 
are listed in Table 8. A chart showing the likelihood of a specific sample 
representing a particular depositional environment (Table 8) was developed 
using Flugel’s (1982) method of linking standard microfacies types to 
environmental facies belts defined by Wilson (1975). This chart reveals an 
overall landward migration of facies as indicated by the subtle shift from 
restricted nearshore marine or possibly nonmarine environments represented 
within the lowest portions of the Newark Valley sequence to more open 
marine environments represented in the upper portions of the Newark Valley 
sequence.
Two lithologic varieties are represented by limestone beds below the 
first carbonate interval (Figure 18) within the Newark Valley sequence. One 
variety consists of barren mudstones represented by samples TM6.5A, 
WT3A, WT7A, WT8A and RM20A (Photograph 20). These occur within 
the northern portion of the study area. The other variety consists of a 
bioclastic, oncoid-bearing wackestone represented by sample 90JT361. The 
standard microfacies types of each of these varieties correspond with 
environmental facies belts that indicate restricted nearshore marine to 
nonmarine depositional environments. This agrees with the fact that many 
of these barren mudstones occur as lenses within the delta plain facies and 
that one of these otherwise barren mudstones contains an in situ algal growth 
(Photograph 36).





















rock name 3 S M F2
16 2
AP19C(2) sorted biosoarite 12,10 I I
RM1A packed biomicrite 9,10 [ I
RM4A fossiliferous dismicrite 8,9 I | [ ]
RM8A sorted biosparite 12 I ' 11  . ] [ ~~]
RM 11A sparce biomicrite 9 I I | ”  l
RM11 A(2) fossiliferous dismicrite 9 | | I I
RM19A sparce biomicrite 16,9 ■ ■ ■ ■ ■ ■ ■
^
RM20A dismicrite 20,23 \ - H P  l
TM6.5A dismicrite 20,23
TM8A packed biomicrite 10 | | r  i
TM10A recrsytallized (?) ?
TM19A sorted biosparite 11,12
TMOB sorted bio-pelsparite 11,16,17 i i ■ ■ ■ ■ ■ r ' ~i
TM4B packed biomicrite 12,11
TM8B packed biomicrite 10,9,12 I I [.......  .... ....."Tr-]
WT2A* bio-pelsparite 16.18
WT2.5A* biosparite 18,12 J___________L
WT3A dismicrite 23,20
WT7A dismicrite 23.20
WT8A siltv micrite 23
WT9A sparce biomicrite 9 I I n  ' i
WT10A bio-pelmicrite 9.12 I I
WT11A fossiliferous dolomitic micrite 22 ■ ■ ■ ■ ■
WT12A packed biomicrite 9,10 I
WT13A sorted packed biomicrite 10,11 I I | ..................] i - . i
90JT361 sparce to packed biomicrite 22 1 ~3
90JT435 rounded sorted biosparite 11.6 I I 1............... ~~j
90JT447 sandy recrystallized biosparite 12.11
less likely more likely
1 environm ental facies belts defined after W ilson  (1975)
2 standard m icrofacies after Flu gel (1982)
3 rock  nam es after F o lk  (1975)
* see sections in  A ppendix D  fo r sam ple positions
* sam ples from  below  basa l unconform ity o f  the N ew ark V alley sequence
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marine siliciclastic intervals within the lower siliciclastic portion of the Newark Valley sequence.
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The first carbonate interval comprises bioclastic mudstones 
represented by samples TM8A, TM10A, WT9A, and RM19A. Standard 
microfacies types of these samples correspond to the open platform (shelf 
lagoon) environmental facies belt. The second carbonate interval differs 
from the first interval in that there is a greater variety of lithologies 
represented. These include both bioclastic mudstones, wackestones and 
packstones represented by samples TM19A, WT10A and RM11A 
(Photograph 21). Standard microfacies types of these samples correspond to 
the platform margin, winnowed platform edge sands and open platform 
environmental facies belts. The highest degree of correspondence is with the 
winnowed platform edge sands facies belt.
The upper carbonate portion of the Newark Valley sequence (i.e. the 
Ely Limestone) is composed of a mixture of bioclastic mudstones, 
wackestones and packstones represented by samples AP19C, TM4B, TM8B, 
WT11A, WT12A, WT13A, RM1A, RM4A, RM8A and 90JT447 
(Photograph 19). Standard microfacies types of these samples correspond to 
platform margin, winnowed platform edge sands, open platform, and 
restricted platform environmental facies belts. The highest degree of 
correspondence is with the open platform and winnowed platform edge 
sands environmental facies belts.
These interpretations of depositional environments for the upper 
portion of the Newark Valley sequence agree with interpretations by Brown 
(1986). Brown (1986), who also used the microfacies analysis technique, 
established that environments represented in the Ely Limestone consist of 
facies belts 5 through 8 of Wilson’s (1975) environmental facies belts. Thus
Brown (1986) concluded that the most representative environments within 
the Ely Limestone are the open platform and restricted platform facies belts.
Shallow-marine Siliciclastic Fades
The shallow-marine siliciclastic facies comprises a minor portion of 
the Newark Valley sequence. This facies is characterized by relatively thin 
intercalations of yellowish-gray to light-brown siliciclastic and siliceous 
limestone within the shallow-marine carbonate facies. These intercalations 
are typically less that 2 meters thick. Most sections of shallow-marine 
siliciclastic facies are in sharp contact with the shallow-marine carbonate 
facies. Sandstone is the most common lithology within this facies
Bedding within the shallow-marine siliciclastic facies is represented 
by: 1) lenses of massive conglomerate, 2) massive and laminated sandstone, 
and 3) massive and laminated argillite. Lenses of massive conglomerate 
make up a small portion of this facies. These lenses are estimated to be 
under fifty meters in width, and have overall u-shapes indicating a channel 
origin. Massive or structureless sandstone beds make up a minor portion of 
this facies. The structureless nature of these beds is suspected of being a 
result of intense bioturbation. However, no direct evidence of bioturbation 
was observed. Laminated sandstone is the most common rock type in the 
shallow-marine siliciclastic facies. Types of lamination include planar- 
parallel laminae, cross-laminae (Photograph 42), and hummocky cross­
laminae. The hummocky cross-laminae are considered to have formed in a 
high energy storm environment (after Dott and Bourgeois, 1982).
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Sections of argillite and fine-grained sandstone are common just 
above the contact between the Ely Limestone and the Diamond Peak 
Formation. These argillites are characterized by thick, cleaved sections 
which are typically greenish. These argillites also contain rare calcrete 
nodules and display mudcracks, plant fragments and raindrop imprints on 
rare bedding surfaces. A single occurrence of a set of climbing ripple 
laminae was noted in one argillite /  fine-grained sandstone section 
(Photograph 43). Elsewhere within the shallow-marine siliciclastic facies, 
occurrences of argillite are rare, except for mud drapes at the tops of 
sandstone beds. These drapes typically display mudcracks (Photograph 44).
The stratigraphic position of these rocks within shallow-marine 
carbonates narrows the possibilities of depositional environments to 
nearshore or shallow-marine settings.' The rare occurrences of conglomerate
jjt
lenses most likely represent distributary or tidal channels. The sandstone 
beds could represent any number of depositional settings from barrier island 
to tidal flat deposits. Based on the occurrence of low-angle foresets and 
planar-parallel laminae, these deposits are interpreted as shoreface deposits 
since similar types of bedding have been recognized from such a setting 
(Elliot, 1978). Hummocky cross-stratification is commonly reported within 
tempestites, especially in proximal shoreface settings (Seilacher and Aiger, 
1991). The argillite beds are interpreted as mud flat deposits since they 
exhibit exposure-formed sedimentary structures. Overall, this facies is 
loosely interpreted as representing shallow-marine to shoreface deposits 
which were reworked by storm, wave, tide (?), and possibly fluvial currents.
99
Photograph 43. Climbing-ripple laminae from a fine-grained sandstone /  
argillite section of the reworked shallow-marine siliciclatic 
facies from the upper portion of the South Ridge of Three 
Mile Canyon section.
Photograph 44. Mudcrack on the top of a sandstone bed within the shallow- 




The facies architecture of the lower Newark Valley sequence has been 
established from correlation of seven stratigraphic sections which lie along a 
north-south trend within the Diamond Range (Figure 19) (Plate 1). These 
sections were correlated using the contact between the Ely Limestone and 
the Diamond Peak Formation as the datum since it was the only stratigraphic 
horizon that could be reliably established within each section. This datum 
yielded a reasonable agreement between the lithostratigraphy, 
biostratigraphy and facies architecture. Biostratigraphic data, discussed in 
the next section, suggest that this datum is diachronous.
The Newark Valley sequence consists of an upper part that is 
dominantly limestone and a lower part that is dominantly siliciclastic rocks. 
Facies distributions within the lower siliciclastic portion consist of 
predominantly fluvial facies in the northern part of the study area 
(Photograph 45) grading into predominantly deltaic facies within the central 
and southern parts of the study area (Figure 19) (Plate 1). Relatively minor 
occurrences of the shallow-marine carbonate and reworked shallow-marine 
siliciclastic facies crop out within the lower siliciclastic portion of the 
Newark Valley sequence.
Two distinct intervals of shallow-marine carbonate and siliciclastic 
facies occur within the lower siliciclastic portion of the Newark Valley 
sequence (Figure 19) (Plate 1). The lower of these intervals occurs near the 
base of the delta plain facies (Figures 18 and 19) (Plate 1). This interval is 
most prominent in the Three Mile Canyon, South Ridge of Three Mile 
Canyon, Walter's Canyon, Brew's (1971), and Water Canyon Sections where
1
braided fluvial facies 
Iff meandering fluvial facies 
delta plain facies 
i l l  delta front facies 
prodelta facies
shallow marine siliciclastic and carbonate facies
[~/| red beds
. .. black areas represent carbonate rocks
measured sections Wjthin the lower siliciclastic portion of the NVS
see Figure 4 for locations of sections
37.5 km
thickness to true scale
Figure 19. Facies architecture of the lower part of the Newark Valley sequence.
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facies: bf = braided fluvial facies 
dp = delta plain facies
sm = shallow marine siliciclastic and carbonate facies 
mf = meandering fluvial facies
Photograph 45. Panoramic view of the ridge along which the Three Mile 
Canyon section was measured.
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it averages over 40m in thickness. An anomalously thin section of this 
interval occurs within the Rattlesnake Mountain section. This interval 
cannot be correlated north of Three Mile Canyon because the base of the 
Telegraph Canyon section is structurally dismpted.
The upper carbonate interval is somewhat thinner than the lower 
carbonate interval, averaging less than 20m in thickness. This upper interval 
occurs within the upper part of the delta plain facies (Figures 18 and 19). A 
large covered interval near the top of the Water Canyon section inhibits an 
accurate correlation of this interval south of Brew's section.
There are several facies trends within the lower siliciclastic portion of 
the Newark Valley sequence. The most prominent trend is the pinch out of 
red beds toward the south (Figure 19). Red beds range from roughly 650m 
thick in the Three Mile Canyon section to less than 60m thick in the Water 
Canyon section. Corresponding with the thinning of red beds is the pinch 
out of meandering fluvial facies toward the south (Figure 19). Given the 
relatively isochronous nature of the upper carbonate unit (Figure 18), it can 
be shown that the wedge of meandering fluvial facies consists of a lower 
progradational portion and an upper retrogradational portion (Figure 20).
The details regarding the isochronous nature of this upper carbonate interval 
are discussed in the following section on the biostratigraphy of the Newark 
Valley sequence. The series of isochrons drawn across the lower part of the 
wedge of meandering fluvial facies in figure 20 demonstrate the 
progradational nature of the meandering fluvial facies as it progressively 
oversteps the delta plain facies toward the south. A similar depiction of the 
upper portion (seen in Figure 20) shows that the meandering fluvial facies 
retrogrades to the north. This upper retrogradational portion is less evident
south north
I delta plain facies 
• nearest approximation of isochrons
Figure 20. Schematic profile of the wedge of meandering fluvial facies showing the progradational nature 
of the lower portion and retrogradational nature of upper portion of the wedge between 
Rattlesnake Mountain and Telegraph Canyon sections (refer to Figure 19 p.101 and Plate 1 for 
location). The thin interval of shallow marine carbonate and siliciclastic facies is omitted for clarity.
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than the progradational portion because it occurs within a much thinner 
section and also because it is largely obscured by the upper carbonate 
interval (Figure 18) (Plate 1). It is speculated that a similar progradational / 
retrogradational trend occurs within the braided fluvial facies based on the 
wedge-shaped distribution of that facies.
A less prominent trend within the lower portion of the Newark Valley 
sequence is an overall increase in thickness of the shallow-marine carbonate 
facies toward the south. This trend is evident from the fact that the shallow- 
marine carbonate facies comprises 3 to 6% of the lower siliciclastic portion 
of the Newark Valley sequence within the northern part of the study area 
and increases to 11 to 15% within the southern part of the study area.
These facies trends within the lower part of the Newark Valley 
sequence denote a paleogeographic setting consisting of alluvial settings to 
the north and marine settings to the south. The overall increase in the 
shallow-marine carbonate facies toward the south suggests that the relative 
offshore direction was to the south. Similarly, the predominance of the 
fluvial facies in the northern part of the study area suggests that the relative 
source direction for much of the siliciclastic sediment was to the north.
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BIOSTRATIGRAPHY
A biostratigraphic analysis of the Newark Valley sequence was 
conducted using an Endothyrid foraminiferal zonation scheme developed by 
Mamet for the lower Paleozoic (1975,1984) (Figure 21). Bernard Mamet of 
Micro-Strat Inc. developed age estimates based on Endothyrid Foraminiferal 
assemblages recognized in samples sent to him (see Appendix C). These 
estimates were incorporated into the stratigraphic cross-section of the 
Newark Valley sequence (Plate 1). Also incorporated into this study are 
several age estimates made by Gordon (1971) of the upper part of Brew's 
measured section. One of the original aims of this project was to determine 
the subsidence history of the Newark Valley sequence. However, it was 
recognized early on that such a task could not be accomplished due to the 
lack of precision within the biostratigraphic data.
The results of this study indicate that the Newark Valley sequence 
ranges in age from Mamet's zone 16 to zone 21 or younger (early Chesterian 
to early Atokan)(none of the sections include the upper contact) (Plate 1). 
There is relatively poor age control across the Newark Valley /  Diamond 
Range sequence boundary due in part to the lack of lithologies containing a 
fauna that can be dated. In one particular case, rocks just below the contact 
between the Newark Valley sequence and the Diamond Range sequence 
within the south ridge of Three Mile Canyon section were dated at zone 13 
to 14. The lower siliciclastic part of the Newark Valley sequence ranges 
from zone 16 to zone 19, thus making it Chesterian in age. The upper 
carbonate part continues from zone 19 to zone 21 or younger, thus 
establishing it as latest Chesterian to Atokan in age. The boundary between
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* The lower portion of Zone 10 may be considered Osagean. 
1 Palmer (1983)
Figure 21. Carboniferous Endothyrid Zonations used by 
Micro-Strat Inc (after Mamet, 1977).
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the lower siliciclastic and upper carbonate parts of the Newark Valley 
sequence (i.e. the Diamond Peak Formation /  Ely Limestone contact and the 
datum for the cross-section in Plate 1) is dated at zone 18 or 19 within the 
Telegraph Canyon section and at zone 20 within the Water Canyon section, 
suggesting that this boundary is slightly diachronous.
The bulk of the biostratigraphic data comes from the two carbonate 
intervals within the lower siliciclastic part of the Newark Valley sequence. 
The low variability among age estimates of the upper carbonate interval 
from three separate sections (Plate 1) suggests that this interval represents 
the closest approximation to an isochron currently recognized within the 
Newark Valley sequence. There is much more variability among age 
estimates from the lower of these carbonate intervals. Such variability is 
exemplified by the alternation between zone 16 and zone 18 age calls along 
this lithologically defined horizon (Plate 1). The most plausible 
explanations for the variability in ages along this lower carbonate interval 
are that dated samples contained insufficient material to support accurate 
zonation, or that unrecognized paraconformities within the lower part of the 
Newark Valley sequence have resulted in a well-defined lithologic horizon 




Paleocurrent data were derived from cross-bedding, channel axes, 
basal channel scours, and sole marks which were observed within the lower 
part of the Newark Valley sequence. Measurements of cross-bed foresets 
represent over 80% of the data set. Rose diagrams were constructed from 
plots of poles to foresets representing down-current directions. Foresets 
were rotated to their horizontal positions using nearby bedding attitudes. 
Rose diagrams for individual localities are in Appendix D, whereas rose 
diagrams representing the total foresets for each section are given in Figures 
22a-f. Linear features were plotted as directions on a radial line diagram 
(Figure 23). Most of these linear features represent bi-directional indicators. 
The unidirectional features such as the casts of lunate ripples, and an 
obstacle scour, reveal that the eastern bearings of the bi-directional 
indicators are the true paleocurrent directions.
Two distinct paleocurrent trends occur within the lower part of the 
Newark Valley sequence. The more prominent of the two trends is to the 
southeast. This trend is represented by a majority of the tabular foresets 
(Figures 22a-f) and by a number of linear features including several channel 
axes, a set of groove casts, some of the basal channel scours, and a trough 
cross-bed axis (Figure 23). The other trend is east-northeast. This trend is 
represented by several channel axes, perpendiculars to symmetric ripple 
crests, lunate ripples, an obstacle scour, a flute cast and a few tabular 
foresets (Figures 22a-f and 23).
The overall sediment transport direction within the lower part of the 
Newark Valley sequence was probably to the southeast, as indicated by a
1 1 0




Figure 22a-f. Rose plots of downcurrent directions from tabular foresets.
1 1 1
1 = channel axes (from Three Mile Canyon, South Ridge Three
Mile Canyon and Water Canyon)
2 = basal channel scours (from Three Mile Canyon)
3 = tool marks (from Rattlesnake Mtn)
4 = directions normal to ripple trends (from Three Mile Canyon,
Telegraph Canyon, and South Ridge Three Mile Canyon)
5 = trough axis (from Three Mile Canyon)
Figure 23. Directional plots of linear paleocurrent features.
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majority of the data. It is unclear why there is a subordinate trend to the 
northeast. Possible explanations for this subordinate trend include: 1) a 
complex dispersal pattern typical of fluvial/ deltaic environments, 2) 
conflicting current systems (i.e. marine and fluvial), or 3) multiple source 
areas.
Previous studies within the Diamond Range have shown there to be 
similar paleocurrent trends. Bloomquist’s (1971) study of foreset data from 
the Diamond Peak Formation within the Diamond Range showed a general 
paleocurrent trend toward the south. Harbaugh (1980) recognized a general 
southeast trend from the in the lower part of the Chainman - Diamond Peak 
interval within the central portion of the Diamond Range. He also suggested 
that there is a shift to a more easterly direction within the upper part of this 
interval. Harbaugh’s findings were largely based on flutes, tool marks and 
basal channel scours. Trexler and Cashman (1991) recognized several 
paleocurrent directions from the lower part of the Newark Valley sequence 
within the Diamond Range. Their results show western and northwestern 
paleocurrent trends within the southern part of the range and bi-directional 
east-west trends in the northern part of the range. They attributed their 
findings to multiple sources including the craton to the east.
113
PROVENANCE OF SILICICLASTIC ROCKS
Twenty eight samples of medium-grained sandstone from the lower 
part of the Newark Valley sequence were point-counted to determine the 
provenance of the siliciclastic rocks. Five additional sandstone samples 
from the uppermost portion of the Diamond Range sequence were point- 
counted to determine if and what modal differences exist between the two 
sequences. Point count data of two previously counted samples from a study 
by Trexler and Cashman (1991) were incorporated into this study. These 
samples are identified as such in Table 2.
Detrital modes of these samples are represented by ternary plots given 
the following standard axes (after Dickinson, 1970, and Dickinson and 
Suczek, 1978): 1) quartz, feldspar, lithic or Q-F-L% (Figure 24a), 2) 
monocrystalline quartz, feldspar, lithic (including polycrystalline varieties of 
quartz) or Qm-F-Lt % (Figure 24b) and 3) quartz, plagioclase, potassium 
feldspar or Q-P-K % (Figure 25). The plots of samples within the Q-F-L 
diagram (Fig 24a) indicate that the sediments within the Diamond Range 
sequence were derived from a recycled orogenic source while sediments 
within the Newark Valley sequence were derived from both a cratonic 
interior setting and a recycled orogenic setting. These interpretations are 
based on a model by Dickinson and others (1983) which links regions of a 
Q-F-L plot with tectonic provinces from which the sediment came. Plots 
within the Qm-F-Lt diagram indicate that the nearly all of the sandstones 
within both the Diamond Range sequence and the Newark Valley sequence 
were derived from a recycled orogen. A few of the samples from the 






Figure 24a-b. Detrital modes of sandstone samples from the Newark Valley 
sequence and upper part of the Diamond Range sequence, 
(provenance fields after Dickinson and others, 1983)
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^  Diamond Range sequence
Figure 25. Quartz-plagioclase-potassium feldspar plot of sandstone 
samples from the Newark Valley sequence and upper part 
of the Diamond Range sequence. This plot shows only the 
upper part of the QPK ternary diagram, as shown by the 
inset.
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small amount of sediment within the Diamond Range sequence was possibly 
derived from a magmatic arc source. These interpretations are based on a 
similar model by Dickinson and others (1983) which equates zones of the 
Qm-F-Lt diagram with tectonic provinces from which the sediment was 
derived. The Q-P-K diagram shows that the samples from the Diamond 
Range sequence are from a somewhat less mature source (after Dickinson 
and Suczek, 1979). Even though the samples from the Diamond Range 
sequence plot in the same regions on several of the diagrams, it is evident 
from the separated populations that they represent different sources.
The interpretation that sediments which comprise the Diamond Range 
and Newark Valley sequences were derived from a recycled orogenic source 
is not new. Dott (1955) was the first to suggest a provenance link between 
Mississippian clastic strata in east-central Nevada with rock types within the 
Roberts Mountains allochthon. Other authors who have suggested a 
provenance connection between the Roberts Mountains allochthon and 
Mississippian siliciclastics of east central Nevada include Nolan, Merriam 
and Williams (1956), Brew (1971), Harbaugh (1980), Sitler (1982), 
Dickinson and others (1983), arid Svoboda (1988). Many authors including 
Dott (1955), Brew(1971), Harbaugh (1980) and Sitler (1982) have noted that 
a western provenance is consistent with the source direction established from 
east to southeast paleocurrent trends.
Prior to Trexler and Cashman's (1991) study, Harbaugh (1980) was 
the only author to recognize a petrographic shift in feldspar content between 
the Lower Mississippian and Upper Mississippian sections. He attributed 
the apparent absence of feldspars within the uppermost part of the Diamond 
Peak Formation to increased exposure within a subaerial environment.
Alternatively, Trexler and Cashman (1991) suggested that the disparity in 
feldspar content is the manifestation of a recycling event between the 
deposition of the Diamond Range sequence and the Newark Valley 
sequence.
This study shows that there is sufficient evidence to support a 
provenance shift between the Newark Valley and the Diamond Range 
sequence. The principal line of evidence for such a shift is in the fact that 
Newark Valley and Diamond Range sequence samples plot as separate 
populations on Q-F-L diagrams yet both populations plot in approximately 
the same tectonic fields. Subsequently, there is a significant decline in the 
plagioclase content across the Newark Valley /  Diamond Range sequence 
boundary (Figure 26). The Q-F-L and Q-P-K diagrams indicate that 
sandstones of the Newark Valley sequence are compositionally more mature, 
suggesting that the source for the Newark Valley sequence was 
compositionally more mature than the source of the Diamond Range 
sequence. Since there does not appear to have been a significant 
paleocurrent shift between the two sequences one would have to assume that 
the source of the sediment within the Newark Valley sequence was still to 
the northwest.
There are two possible solutions to this paradox of a changing 
provenance in spite of a constant source direction. One possibility is that 
erosion within the Roberts Mountains allochthon, the inferred source for the 
siliciclastics within the Diamond Range seqeunce, resulted in the exposure 
of more compositionally mature rocks from which Newark Valley sequence 
siliciclastics were derived. There is little evidence to support or deny this 
senario except for the fact that the structural complexity of the Roberts
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|H  Newark Valley sequence 
100m - Diamond Range sequence
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Figure 26. Stratigraphic variations in feldspar content of sandstone samples 
from the Newark Valley sequence and upper part of the Diamond 
Range sequence.
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Mountains allochthon is such that it is unlikely that formations of greater 
compositional maturity are located within the core of the allochthon. The 
other more likely possibility is that former foreland basin sediments were 
reworked into the Newark Valley sequence. It is therefore postulated that 
the source area for the siliciclastic sediment within the Newark Valley 




Various aspects of the lower Newark Valley sequence indicate that 
deposition took place in a semi-arid paleoclimate. This interpretation is 
based largely on the widespread occurrence of carbonate nodules and other 
sedimentary structures within the lower part of the Newark Valley sequence. 
In many analogous units, carbonate nodules have been interpreted as fossil 
caliche (Allen, 1976 and Steel, 1974). A study by Reeves (1976) showed 
that the present distribution of caliche deposits is greatest in seasonal 
wet/dry semi-arid climates. Numerous studies also show a strong 
correspondence between the occurrence of calcretes and red bed successions 
(Table 1).
The paleoenvironmental significance of red beds is still largely 
unsettled. Van Houten (1961) proposed that red beds represent paleolaterite 
deposits and that red beds form in tropical climates based on the present 
distribution of laterites. Van Houten added, in defense of this interpretation, 
that tropical flora are commonly reported from red bed successions. 
However, in a later study, Walker (1967) showed that red beds form in arid 
environments based on currently forming red beds in regions proximal to the 
Colorado River delta. Walker (1967) also pointed out that many of the late 
Paleozoic red bed formations within the Colorado plateau are interpreted to 
have been deposited in arid climates. A third possible climatic scenario for 
the formation of red beds is suggested by the large number of red bed 
deposits that contain calcrete (Table 1). This correspondence suggests that 
red beds primarily form in hot, seasonally wet, semi-arid climates. Climatic
12
variations in semi-arid environments may explain why red beds have been 
suggested to develop in both arid and tropical climates.
Other features that indicate deposition within a seasonally wet semi- 
arid climate include the common occurrence of mud cracks and root traces, 
the limited occurrence of rain drop imprints, the lack of evaporites, and the 
lack of coal. Occurrences of mud cracks and of raindrop imprints indicate 
that periods of extensive drying were common. The lack of evaporite 
deposits, the common occurrence of root traces and the abundance of 
current-formed structures indicate that this environment received sufficient 
water for extensive vegetation suggesting that the climate was semi-arid to 
possibly tropical at times.
GEOMETRY AND EVOLUTION OF THE NEWARK
VALLEY SEQUENCE
The regional geometry of the lower siliciclastic part of the Newark 
Valley sequence is largely indeterminate due to unexposed or incomplete 
sections in all directions surrounding the Diamond Range (J. Trexler, pers. 
commun.). There are minor thickness variations of the lower Newark Valley 
sequence within the Diamond Range seen in the non-exaggerated or true- 
scale version of the the restored section of the lower part of the Newark 
Valley sequence (Figure 19). Thicker sections occur at Rattlesnake 
Mountain and Three Mile Canyon. Such thickness variations are not 
considered to be a result of differential compaction given that the 
Rattlesnake Mountain section, one of the thicker sections, contains an equal 
if not greater portion of fine-grained elastics compared to surrounding 
sections.
Facies patterns suggest that these thickness variations are a result of 
the their paleogeographic setting. The thick section of prodelta and delta 
front facies within the Rattlesnake Mountain section indicates that this 
section occupied a paleogeographic position offshore to a distributary mouth 
channel for much of the history of the lower Newark Valley sequence. 
Models of deltaic sedimentation typically illustrate maximum sediment 
accumulation in outlying delta front and prodelta regions (Miall, 1984). The 
thick sections of fluvial facies within Three Mile Canyon suggest that the 
northern part of the Three Mile Canyon area received more sediment due to 
its relative paleogeographic position within northward thickening alluvial
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wedges (Figure 19 and Plate 1). These areas of increased sediment 
accumulation have anomalous sedimentation rates.
Graphs depicting the relative sedimentation rates for each section 
within the lower Newark Valley sequence were constmcted by plotting 
measured thicknesses against a relative time scale (established from Mamet's 
(1984) foraminiferal zonations) (Figure 27). The consistency in rates among 
most sections suggests that this approach is valid. There are, however, 
anomalous rates within the Three Mile Canyon and Rattlesnake Mountain 
sections. These higher rates are similarly attributed to their relative 
paleogeographic positions. It is believed that the higher sedimentation rate 
within the Three Mile Canyon section is due to its closer proximity to an 
inferred source. The higher sedimentation rate within the Rattlesnake 
Mountain section is attributed to an increased sediment accumulation rate as 
recognized from many offshore deltaic regions (Elliot, 1978; Miall, 1984, 
Einsele, 1992).
Evolution of the Newark Valley sequence is marked by a series of six 
depositional stages (Figures 28a-f). The first of these stages is the 
progradation of a fan delta. This fan delta consisted of proximal braided- 
fluvial facies and distal prodelta and delta-front facies (Figure 28a). It is 
estimated from thickness variations that subsidence was more rapid in the 
northernmost portion of the study area and near Rattlesnake Mountain.
The second depositional stage consisted of a short-lived transgression. 
This transgression is marked by the appearance of the first carbonate interval 
within the lower Newark Valley sequence (Figure 18 and 28b). As best as 
can be determined from limited biostratigraphic data, this transgression 
occurred in the Early Chesterian. There are several possible first order
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eustatic sea level high stands recognized by Ross and Ross (1987) which 
may have been responsible for this transgression (Figure 29).
The third depositional stage within the lower part of the Newark 
Valley sequence is marked by an extensive progradation of delta plain and 
meandering fluvial facies over the marine carbonates (Figure 28c). The 
wedge-shaped geometry of this progradational trend suggests that 
subsidence was more rapid toward the source.
The fourth stage consisted of another minor transgression (Figure 
28d). This transgression is represented by the second or upper carbonate 
interval within the lower part of the Newark Valley sequence (Figure 18). 
Biostratigraphic data indicate that this transgression is Late Chesterian in age 
(Plate 1). There is at least one possible first order eustatic sea level high 
stand which may correlate with this second transgression (Figure 29) (Ross 
and Ross, 1987). This transgression partly conceals the retrogradational 
portion of the wedge of fluvial facies formed in the third stage.
The fifth stage is marked by a return to deposition of siliciclastic strata 
postdating the former transgression (Figure 28e). This stage was almost as 
short-lived as the previous transgression. Facies patterns within this stage 
signify retrogradation or retreat of the wedge of fluvial facies. Evidence of 
this retreat is in the distribution of red beds and the disappearance of all but a 
small portion of the meandering fluvial facies from the northern part of the 
study area.
The final depositional stage of the Newark Valley sequence consisted 
of a third and penultimate transgression (Figure 28f). This final 
transgression formed the upper carbonate part of the Newark Valley 
sequence, which is also known as the Ely Limestone. Biostratigraphic data
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indicate that the onset of this final transgression occurred between Latest 
Chesterian to Earliest Morrowan in age. The repeated occurrence of mud- 
cracks at various levels within the upper carbonate portion suggests that it 
remained a relatively shallow through much of this transgression.
Compiled eustatic sea-level curves for the Late Mississippian and 
Early Pennsylvanian show significant third and second order shifts (Ross 
and Ross, 1987). Such shifts cannot be accurately correlated with the 
transgressions recognized within the lower part of the Newark Valley 
sequence due to poor biostratigraphic resolution. There is, however, one 
notable contrast between the sea-level curves of Ross and Ross (1987) and 
relative sea-level changes within the Newark Valley sequence. Ross and 
Ross (1987) depicted a significant eustatic regression at the Mississippian / 
Pennsylvanian boundary. Facies relationships within the Newark Valley 
sequence suggest that the Mississippian /  Pennsylvanian boundary is marked 
by a significant transgression. This contrast can be accounted for in a 






































































Figure 29. Eustatic sea-level curves for the Late Mississippian 
and Early Pennsylvanian (after Ross and Ross, 1987).
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TECTONIC IMPLICATIONS
Recent studies have documented a middle to late Mississippian 
tectonic episode that folded strata of the Antler foreland basin (Trexler and 
Nitchman, 1990; Trexler and Cashman, 1991). This tectonic episode, 
referred to as the Christina Peak tectonic phase, resulted in the formation of 
a successor basin on top of the Antler foreland basin (Trexler and Cashman, 
1991). Prior to this, Upper Mississippian rocks of east-central Nevada had 
been regarded as Antler foreland basin deposits (Roberts, 1964; Brew, 1971; 
Poole, 1974; Wilson and Laule, 1979; Harbaugh, 1980). This study provides 
limited indirect evidence for Late Mississippian tectonism supporting the 
Late Mississippian tectonic senario set forth by Trexler and Nitchman (1990) 
and Trexler and Cashman (1991).
The lower part of the Newark Valley sequence within the Diamond 
Range is characterized by two successive southward progradations of 
alluvial facies (seen in Figure 28). The repetitious nature of these 
progradations suggests that they resulted from either changes in sea-level or 
episodic uplift within the source area. Given the thickness and duration of 
these progradational wedges, it is inconceivable that they resulted from a 
eustatic sea-level change less significant than a second-order shift.
However, there are no significant second-order eustatic sea-level changes 
within the late Mississippian (see Figure 29). It can therefore be inferred 
that the progradations within the lower Newark Valley sequence were due to 
episodic uplift within the source area.
The facies architecture of the lower Newark Valley sequence 
resembles facies architectures of tectonically formed basins. Architectural
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models of various extensional and compressional basins commonly depict 
coarse-grained fluvial/alluvial wedges along active basin margins grading 
into marine or lacustrine facies in more distal regions (Allen and Allen,
1990; Einsele, 1991). Vertical relations along active margins commonly 
include stacked alluvial/fluvial wedges occasionally separated by a thin 
intercalation of marine or lacustrine facies. Such a vertical succession is 
recognized within the northern sections of the study area (seen in Figure 19 
and Plate 1).
Paola (1988) has shown that the style of subsidence is the primary 
controlling factor in the architecture of coarse-clastic facies. In his model, 
basins with rapidly subsiding margins tend to trap gravel resulting in an 
architecture consisting of a single wedge or series of stacked wedges. His 
model also predicts that the architecture of coarse-clastic facies within 
isostatically subsiding basins are exemplified by sheet-like geometries. The 
overall architecture of coarse-clastic facies within the lower Newark Valley 
sequence exhibit characteristics more akin to differentially subsiding basins 
than to isostatically subsiding basins. There is, however, one non-tectonic 
model which shares many attributes with the lower Newark Valley 
sequence.
Heller and others (1988) have proposed that foreland basins undergo a 
post-orogenic stage of uplift along their former active margin, causing 
former syn-orogenic sediments to be recycled and deposited further 
basinward. They attribute this episode of uplift to the denudation of the 
obducted sheet resulting in elastic rebound of formerly loaded cmst. These 
re-sedimented coarse-grained facies tend to form sheet-like deposits as a
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response to isostatic subsidence. A regional unconformity is formed 
between the syn-orogenic and post-orogenic deposits.
Similarities between this model and the lower part of the Newark 
Valley sequence include: a regional basal unconformity, a pronounced 
recycling event, and the fact that both are considered to mark a period of 
renewed sedimentation on top of a foreland basin. Differences between 
Heller and others' (1988) model and the Newark Valley sequence include: 
wedge-like (lower Newark Valley sequence) verse sheet-like (Heller and 
others' (1988) model) geometries of the coarse-clastic facies, the nature of 
the basal unconformity, basin scale, and timing.
The unconformity between the syn-orogenic and post-orogenic 
deposits within Heller and others' (1988) model presumably consists of 
angular relationships along its proximal margin, passing into disconformable 
and ultimately conformable relationships further basinward. Trexler and 
Cashman (1991) attributed the complex distribution of restored sub­
unconformity attitudes beneath the Newark Valley sequence to a series of 
northwest trending sub-unconformity folds. It is inferred that the sub­
unconformity attitudes beneath the Newark Valley sequence reveal a more 
complex pattern than the pattern of sub-unconformable attitudes predicted 
within Heller and others' (1988) model.
The horizontal extent of the post-orogenic conglomerate within Heller 
and others (1988) model exceeds 300 km. The horizontal extent of the 
coarse-clastic facies within the Newark Valley sequence is estimated at less 
than 200 km based on Bloomquist's (1970) study of the Diamond Peak 
Formation.
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Heller and others' (1988) model suggests that timing between 
deposition of the syn-orogenic sediments and the re-sedimentation as post- 
orogenic deposits is on the order of 100 million years, whereas, the interval 
between the deposition of the initial sediments within the Antler foreland 
basin and the deposition of the Newark Valley sequence was on the order of 
40 million years. These differences agree against Heller and others' (1988) 
model as an analogue for the formation of the lower Newark Valley 
sequence.
Not enough is known about the Newark Valley sequence, at this point, 
to suggest any one particular basin model as the correct analogue for this 
successor basin. Without a definitive basin model, the style of tectonism 
remains largely unresolved. It would, however, seem likely that such a 
model should incorporate a style of tectonism similar to or transitional with 
either the preceding or postdating style of tectonism. The preceding tectonic 
style is considered to have been dominantly compressional (Poole , 1974). 
The subsequent tectonic setting is less understood. One group of authors 
suggests that early to middle Pennsylvanian tectonism within eastern Nevada 
was characterized by basin segmentation and subsidence (Trexler and 
others, 1991). These same authors alluded to a similar age fault-bounded 
basin within Canada as a possible analogue for the tectonic style within 
eastern Nevada.
Given the level of understanding of the tectonic setting in Nevada 
during the Late Mississippian two basin models emerge as strong candidates 
for analogues to this successor basin. One candidate incorporates the 
inferred extensional style of the early to Middle Pennsylvanian into a half- 
graben model. The other candidate incorporates the former compressional
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style of tectonism into a foreland basin model. Both of these models 
architecturally conform with the pronounced regional eastward decline in 
coarse-clastic facies as recognized by Bloomquist (1970), Brew (1971) and 
Poole and Claypoole (1984). The existence of folds beneath the Newark 
Valley sequence (Trexler and Cashman, 1991) suggests that the 
compressional basin model is a more likely analogue than the extensional 
basin model.
It is tentatively concluded that a compressional basin model offers the 
closest analogue to the Newark Valley successor basin. Such a model would 
require mid to late Mississippian compression. It is presumed that such an 
event folded previous foreland deposits and possibly caused renewed 
thrusting along the former trace of the Roberts Mountain thrust. This 
compression resulted in increased loading of the already depressed cmst. It 
is believed that this loading resulted in a basin architecture exemplifying 
increasing subsidence in the direction of the leading edge of the thrust plate. 
This concept suggests that the Newark Valley successor basin was a second 
foreland basin superimposed on top of the Antler foreland basin. Current 
models of foreland settings commonly portray similar degrees of 
complexity.
Numerous authors, summarized by Allen and Allen (1992) and 
Einsele (1992), have depicted post-emplacement thrusting complicating 
stratal relationships within foreland settings. These models illustrate the 
propensity for late compressional episodes to disrupt the evolution of 
foreland basins. In many cases new basins are formed. Such basins carried 
on the backs of thrust sheets are referred to as piggyback basins (Einsele, 
1991). Such depictions offer strong evidence that orogenic models should
incorporate gradual declines in tectonism rather than the sudden decline 




The Newark Valley sequence represents the sedimentary record of a 
successor basin to the Antler foreland basin. This basin formed as a 
consequence of the Late Mississippian Christina Peak tectonic phase 
(Trexler and Cashman, 1991). The Newark Valley successor basin 
continued to receive sediment up to the mid- to late Pennsylvanian. Seven 
depositional facies within the lower part of the Newark Valley sequence 
include the braided fluvial facies, the meandering fluvial facies, the delta 
plain facies, the delta front facies, the prodelta facies, the shallow-marine 
carbonate facies and the shallow-marine siliciclastic facies. A restored 
north-south section of the lower part of the Newark Valley sequence reveals 
several facies trends including a pinchout of alluvial facies toward the south 
and an increased proportion of shallow-marine carbonate facies toward the 
south.
Paleocurrent trends exhibited within the Newark Valley sequence 
include a pronounced southeast trend and a subordinate northeast trend. The 
southeast trend may represent a drainage pattern which developed along the 
axis of the former disrupted foreland basin (Figure 30). Late-stage drainage 
patterns typically develop flow directions parallel to the axes of foreland 
basins (Miall, 1978). The subordinate northeast trend may represent another 
source such as a side tributary draining the inferred western highlands or it 
may represent conflicting current regimes (i.e. marine vs. fluvial), since both 
marine and alluvial facies occur within the Newark Valley sequence. It is 
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Figure 30. Late Chesterian paleogeography of the Newark Valley sequence.
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transitional settings, hence paleocurrents mostly cannot be separated reliably 
into marine and non-marine groups.
Detrital modes of the Newark Valley sequence indicate a recycled 
orogenic source. Petrographic evidence suggests that the source may have 
been sediments of the Diamond Range sequence. This recycling event was 
characterized by a sudden decline in plagioclase feldspar from roughly 10% 
within the Diamond Range sequence to less than 1% within the Newark 
Valley sequence. Though such a shift in detrital modes can be attributed to a 
provenance shift in the source area, the fact that this shift corresponds with 
the Newark Valley /  Diamond Range sequence boundary supports the 
interpretation that this provenance shift is rooted in the tectonism that 
formed the Newark Valley sequence.
Evolution of the Newark Valley sequence can be separated into six 
depositional stages. The first of these six stages consisted of the deposition 
of the braided fluvial, delta front and prodelta facies within a progradational 
fan delta system. The second stage consisted of a brief transgression marked 
by a thin interval of delta plain and shallow-marine carbonate facies. The 
third stage consisted of the progradation of a thick wedge of meandering 
fluvial and delta plain facies. The fourth stage consisted of a second short­
lived transgression which similarly was marked by the deposition of a thin 
interval of shallow-marine carbonate. The fifth stage consisted of the 
retrogradation of the meandering fluvial and delta plain facies. The sixth 
stage consisted of a third and penultimate transgression.
Aspects of the lower part of the Newark Valley sequence suggest that 
the Late Mississippian tectonic setting for east-central Nevada consisted of 
episodic uplifts forming highlands composed of largely of sediments of the
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Diamond Range sequence. This period of tectonism is equated with the 
Christina Peak tectonic phase (after Trexler and Cashman, 1991). These 
uplifted sediments were reworked into the adjoining newly formed successor 
basin. Stratal architecture within the lower part of the Newark Valley 
sequence, along with regional facies trends recognized by Bloomquist 
(1970), Brew (1971), and Poole and Claypoole (1984), indicate that the 
deposition of this sequence took place in a new foreland basin formed on top 
of an older foreland basin, hence indicating that collisional tectonism 
continued throughout the Late Mississippian. The pronounced shift to 
dominantly carbonate sedimentation near the Mississippian / Pennsylvanian 
boundary (i.e. separating the upper and lower parts of the Newark Valley 
sequence) is considered to mark a temporary abatement of the collisional 
style of tectonism that affected sedimentation along the western margin of 
North America from the latest Devonian through the Mississippian.
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Microfauna Identified by Microstrat Inc.
161
All of the following samples are located within the sections in Appendix D except 
for WT1A and WT2A which are from below the Newark Valley sequence. The locations 
of these two samples is seen on the map of the South Ridge Three Mile Canyon sample 
locations in Appendix A.






Earlandia vul saris 
Earlandia clavatula 
AP14C Endothvra sp.
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Eoendothvranopsis of the group E. scitula 
Grivanella sp.
Koninckopora sp.
Mametella Mississippian, Middle to
W T2A Mediocris sp. Late Meramecian,
















Eostaffella sp. Early Pennsylvanian,
RM 1A Eotuberitina sp. Zone 20 or slightly




























































Earlandia of the group E. vulgaris 
Planoarchaediscus sp. 
Pseudoammodiscus sp.










90JT442 Biseriella sp. Late Chester
Biseriella? or Drimitive Globivalvulina sn.?
90JT445
Earlandia sp.
Endothvra of the eroup E. bowmani
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Pennsylvanian boundary 
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Skolithos (?) association 
ichnofossil *
m/s denotes argell'rte(i.e. mudstone/siltstone undiff.) 
fs denotes fine sandstone 
ms denotes medium sandstone 
cs denotes coarse sandstone
fc denotes fine conglomerate (average clast size <3cm) 
me denotes medium conglomerate(average clast size 3-6cm) 
cc denotes coarse conglomerate(average clast size >6cm)
finning upwards sequence\
coarsening upwards sequence
l i th o lo g ic  p a t te r n s :
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'.<2»







ripples casts and/or 
laminae
beach ? foresets 
* denotes single specimen
p a le o c u r r e n t  s y m b o l s :























rose plots of down dip directions (i.e. flow direction) on tabular forsets 
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